Method of establishment and analysis of permanent growth plots by Guarnaccia, David
University of Montana 
ScholarWorks at University of Montana 
Graduate Student Theses, Dissertations, & 
Professional Papers Graduate School 
1961 
Method of establishment and analysis of permanent growth plots 
David Guarnaccia 
The University of Montana 
Follow this and additional works at: https://scholarworks.umt.edu/etd 
Let us know how access to this document benefits you. 
Recommended Citation 
Guarnaccia, David, "Method of establishment and analysis of permanent growth plots" (1961). Graduate 
Student Theses, Dissertations, & Professional Papers. 2967. 
https://scholarworks.umt.edu/etd/2967 
This Thesis is brought to you for free and open access by the Graduate School at ScholarWorks at University of 
Montana. It has been accepted for inclusion in Graduate Student Theses, Dissertations, & Professional Papers by an 
authorized administrator of ScholarWorks at University of Montana. For more information, please contact 
scholarworks@mso.umt.edu. 
A METHOD OF ESTABLISHMENT AND ANALYSIS 
OF PERMANENT GROWTH PLOTS 
by 
David Guarnaccia Jr. 
B.S., University of Massachusetts, 1959 
Presented in partial fulfillment of the requirements for 
the degree of 
Master of Science in Forestry 
Montana State University 
1961 
Approved byr 
• /  {<?/?/ 
Chairman, Board of Examiners 
Dean of Graduate School 
MAY 2 6 196V 
Date 
UMI Number: EP34115 
All rights reserved 
INFORMATION TO ALL USERS 
The quality of this reproduction is dependent on the quality of the copy submitted. 
In the unlikely event that the author did not send a complete manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed, 




Copyright 2012 by ProQuest LLC. 
All rights reserved. This edition of the work is protected against 
unauthorized copying under Title 17, United States Code. 
ProQuest* 
ProQuest LLC. 
789 East Eisenhower Parkway 
P.O. Box 1346 
Ann Arbor, Ml 48106-1346 
TABLE OF CONTENTS 
Page 
LIST OF GRAPHS «... !• 
LIST OF TABLES • 
INTRODUCTION 1 
REVIEW OF LITERATURE 3 
METHODS 9 
Plot Location and Procedure ..................... 9 
Office Procedures .......................o................o 18 
Records ........ 25 
Form. Class ...o.o......o.24 
RESULTS AND RECOMMENDATIONS .»o...®o....oo..o.©o.®o.....o....o©..©o 26 
Re SuitS».«..0.......O.O00e.00.0.0.0»O0.»..0...ft.Q..0...0... 26 
Field plot procedures ............................... 27 
Code system for plot data ................... 29 
Standard office procedures ........o...........o...o. 44 
Species summary sheet ........................... 45 
Plot summary sheet ........................ 48 
Growth, ingrowth, mortality ..................... 52 
Recommendations o.oooo.o....oo.oa®ooo..ooooo.o.©••©•.©...0® 54 
BIBLIOGRAPHY 57 
APPENDIX .......... 63 
Ae Plot Record Card o.o.........o.oa.o.o.e.o..aaeoo.aoo»oo«..eo 63 
Bo Summary Sheets ooo.....00..............0....000............ 65 
Plot sumnary sheet 65 
Species summary sheet.o.o.................66 
ii 
TABLE OF CONTENTS.--Continued Page 
C» Volume Tables <>••<...o.oo.o.oeo.o. ..«..•••..........<>..<.»•»«<>• 67 
D» SOil Serie6 aaaaaaa.aaeaeaooesaeaeaaaaaaaoeaaaaaoaaaeaaaaaaee 91 
Ea Bark Curves 124 
F» Types of Erosion aaoe«»aoaaaoaaooaooao*aaaoo«.*»aaaaaaeaaaaaa 128 
Ga Common Tree Species in the Western United States aeo«a»e»o«*a 129 
H» Sample Calculation of a Mathematically Fitted Curve of 
Total Height over Diameter Breast Highe.a»eaoeaooo«oaaaeoeeee 130 
Ia Formulae oeaaoe.aooaaoeooeooooooooeeoeeoaoeeaaoeooooeeaooaaea 134 
iii 
LIST OF GRAPHS 
Graph Page 
1# The Relationship of Double Bark Thickness to Diameter 
Outside Bark at 4.5 and 16*3 Feet for Ponderosa Pine..•••*.•• 125 
2. The Relationship of Double Bark Biickness to Diameter 
Outside Bark at 4*5 and 16.3 Feet for Douglas Fir.*.......... 126 
3« The Relationship of Double Bark Thickness to Diameter 
Outside Bark at 4.5 and 16.3 Feet for Western larch.127 
4. Height-Diameter Curve for Ponderosa Pine on Plot 0011 133 
iv 
LIST OF TABLES 
Table Page 
1. Cubic Foot Volume Table for Second Growth Lowland White Fir. „ «> 69 
2. Standard Cubic Volume Tables for Lodgepole Pine in Alberta..•• 73 
3. Cubic Foot Volume Tables for Second Growth Douglas Fir,..,.... 76 
4. Cubic Foot Volume Tables for Second Growth Western Larch...... 81 
5. Cubic Foot Volume Tables for Second Growth Ponderosa Pine 
by Total Height of Trees. 85 
v 
INTRODUCTION 
Accurate and reliable information about the growth of the forest 
is a necessary part of effective forest management* The forest manager 
ean obtain an estimate of future volumes and allowable outs if past 
growth is known* Growth information by this procedure is accurate with­
in the limits of the methods used to predict the future growth and yields* 
Rather than sample the whole forest for tree growth, foresters 
measure a part and apply the results to the whole* Repeated sampling 
inventories for volume, using temporary sample plots, do not yield accur­
ate information due to sampling error* Permanent sample plots, using 
temporary sample plots, do not yield accurate information due to sampling 
error* Permanent sample plots, where the developments of the stand are 
carefully followed through periodic measurements, yield more accurate in­
formation because sampling error is minimized* 
A standard method of permanent plot establishment is needed to 
accurately measure the tree growth of Western forests* The United States 
Forest Serviee Forest Survey system is based on a random sample and does 
not adequately cover all factors affecting tree growth. 
The following study establishes guide lines for a system of per­
manent sample plots to measure tree growth covering factors that may have 
an effect on growth* Plot locations were chosen by stratifying the forest 
with three determinable factors - soil series, stand density, and timber 
type* Other factors - slope, aspect, and position on the hillside -
were recorded but not used to choose the plot locations* Site was not 
determined as the site curves presently available are not acceptable* 
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Using selective sampling rather than random sampling, plots can be estab­
lished to fit all combinations of factors* 
The person establishing the plots and making the original measure­
ments does not usually have the opportunity to make any of the succeeding 
measurements* By using a standard system to locate the plots, measure the 
trees, and analyze the data, measurements and calculations will be made 
in the same manner time after time. This eliminates most error and allows 
the comparison of periodic measurements* 
Information from the plots established on the Lubreciht Experimental 
Forest and from plots established on other lands should be kept at a cen­
tral location and be available upon request* This information will pro­
vide forest land owners with an idea of the productivity of their lands* 
Thirty plots were established on the Lubrecht Experimental Forest 
during the summer of 1960 to test the methods used to choose plot loca­
tions and to establish the plots and collect the data* During the fall 
and winter of 1960-1961, the methods used to analyze the field data 
were tested. 
The establishment of permanent sample plots is a means to obtain 
accurate information about the growth of the forest* The usefullness of 
this information depends on the accuracy of subsequent measurements and 
the care with which the data is analyzed. 
REVIEW OF LITERATURE 
The use of permanent sample plots to measure growth varies, depend­
ing on what is being studied and what the desired results are. They have 
been set up to measure ecological succession, the effect of chemicals, 
animals, and burning on the forest on the growth of the forest. 
Permanent sample plots were first established in Europe around 1860 
with the purpose of measuring the growth of a forest (Spurr 1952). Gur-
naud (1878) suggested and applied a continuous inventory method to manage 
forests (Bruns 1954, Spurr 1952). The plots were not small areas of the 
whole forest, but compartments of working units on which a 100 percent 
talley wastaken at each remeasurement. Boilley (1890) applied this 
"control method" to the forests of Switzerland, where the method is now 
the principal means of measuring volume, growth, and mortality (Knuchel 
1953). The method has provided such a close check on stand structure 
and wood production that the calculation of allowable cut is no longer 
a long tedious project, but a secondary matter. 
The first American plots were established in 1904 and were simi­
lar to those in Europe (Spurr 1952). They were large, 5 to 15 acres, and 
not very efficient. Woolsey (1912) published the first instructions for 
a method of setting up permanent sample plots and analyzing the data. 
His objectives for securing information were measurements of actual incre­
ment in board and cubic feet, measurements of growth in height and diameter 
of the individual trees, death irate of the different age classes, determin­
ation of the effect of different degrees of cutting, methods of brush dis­
posal, growing cover, soil, exposure, grazing, fire, insects, etc. upon 
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seeding reproduction or the growth of individual trees and accurate 
photographic records to supplement the data recorded. 
Permanent sample plots were established to study the management 
of ponderosa pine in the Southwest (Pearson 1950), Growth, mortality, 
periodic and average annual increment, progress of reproduction, num­
bers of trees per acre by diameter, age and crown classes have been re­
corded from these plots since their establishment in 1909. 
The United States Forest Service, Division of Silvics,(Anon. 1955) 
published a booklet on the use of permanent sample plots in silvicultural 
research. The methods of establishing plots, marking trees, measuring the 
various factors, analyzing the data, and keeping records were listed. All 
methods commonly in use at that time were discussed and evaluated. 
After World War II forest managers became concerned with producing 
the most timber on the land that was available. Stott (1947) devised a 
method whereby permanent sample plots, which had mainly been used in re­
search, could be economically and accurately established to measure the 
growth on commercial forests. This required a systematic approach to 
the job and reasonable standards of accuracy of measurement. 
Detailed instructions for the use of permanent and temporary sample 
plots were published by Chapman and Meyer (1949) in their book "Forest 
Mensuration". Recoinmendations on the ways to set up the plots, mark and 
measure the trees, analyze the data, and keep Kecords were made. They 
recognized that different methods were needed for the different regions 
of the country. 
Chapman (1950) recognized the value of permanent sample plots in 
the management of a forest to study growth and silvicultural treatment, 
but felt that these plots should be isolated from the rest of the forest. 
s 
In 1950, the Western Forestry and Conservation Association pub­
lished a report on the establishment of growth plots in different stands 
of varying ages and species* They recommended that plots to measure 
growth be placed in young stands, while plots established in older stands 
would be useful in measuring mortality and ecological succession. The 
objectives of the latter plots would be to elucidate a principle or sam­
ple growth. 
Permanent sample plot projects involve much time, effort, and cost. 
Five points should be kept in mind before deciding to use them (Anon. 1959a) t. 
1. What is the major purpose of the project? 2o What secondary data may 
be collected with little extra time and expense? 3. What methods are to 
be followed In conducting the field work? 4. What methods of analysis 
will be used? 5. How will the results of the inventory be explained? 
With the advent of automatic data processing equipment manufactured 
by International Business Machines, Radio Corporation of America;, Reming­
ton-Rand, etc,, the calculation and analysis of growth data has been sim­
plified. Permanent sample plots lend themselves readily to this type of 
analysis (Anon® 1953)e Comparisons between plots and inventories can 
quickly be made (Bickford 1959). Flow charts and data processing pro­
grams have been made for this (Anon0 1960c). 
Spurr (1952) and Meyer (1953) felt that inventories based on per­
manent sample plots would measure growth more accurately and be of more 
use to the forest manager than previous inventories based on temporary 
sample plots# 
The advantage of recurrent inventories based on sample plots is 
that sampling errors of area are done away with and accurate data on the 
differences in growth can be obtained more readily. These differences 
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are not influenced by sampling error as would be if a new set of plots 
were remeasured at every inventory (Davis 1954)® 
Wright (1954) points out that it is impossible to obtain reliable 
growth estimates by comparing two cruises using temporary plots. The rea­
sons for this are the comparatively small ratio of growth to volume, sam­
pling errors of the cruise, and the difficulty of reproducing the condi­
tions of the first and second cruise® 
Recent tests have shown that remeasuring permanent plots gives a 
correlation between successive volumes, reduces the variation in growth 
estimates from plot to plot, and permits the use of all the plots estab­
lished in the first cruise for estimating current volume (Bickford 1959). 
Where correlation exists between plots, fewer plots are needed. 
On a 55 acre wood lot, it was found that 75 permanent plots gave a smaller 
standard error of estimate than 216 temporary plotso On a 90^000 acre 
forest, 254 permanent plots gave a precision that would have required 
3,970 temporary plots® The permanent plots allowed the pairing of the 
first and second measurements, using the difference for each plot, rather 
than the simple difference between two averages (Hall 1959). 
Continuous forest inventory, a management tool to supply manage­
ment with continuous and comprehensive inventory data over a forest, 
makes use of permanent sample plots set out systematically (Abel 1956)» 
This is the "control method" of Gurnaud and Boil ley adapted to American 
forests (Bruns 1954)® The checks on the growth of the forest are found 
by sampling a part of the whole and applying the results to the whole 
stando In Europe, due to the small size of the forest compartments, the 
whole stand can be sampled to find growth (Hall 1959)e 
Permanent sample plots are being used by the United States Forest 
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Service to collect data on forest land area, timber volume, growth, and 
mortality. This information is used to determine the forest resource 
situation for the immediate area, the region, and the nation (Anon. 1960a). 
Continuous forest inventory is being used by forest products indus­
tries to provide inventory control over the woodlands (Oliphant I960). 
The objectives of this system are to obtain a sound and reliable inventory 
of the growing and cutting stock of the forest in terms of quantity and con­
ditions of the forestj to periodically measure the forest changes to pro­
vide current data on the needs for various management and silvicultural 
practices/} to aid in forest protection by frequent examination of all 
parts of the forest and by detailed record-keeping of the status of dis­
ease and insects? to provide a system which encourages a more business­
like management of the forest by lending itself to machine calculation 
for rapid and precise data analysis® 
To attain management control, forest products industries have 
established inventory systems based on sample plotso The systems are 
by no means standard and each is usually designed specifically for that 
company's needo 
The Weyeraeuser Company (Orr 1959) and Jo Neils Lumber Company 
(Anon. 1960b) use a permanent sample plot system based on the use of the 
prism« It is felt that two advantages are gained by the use of this meth­
ods sample trees are identified more easily than on fixed boundary plots, 
and the probability of a tree being counted is proportional to its feasal 
area. Large trees which are more variable in volume and quality are sam­
pled in a greater proportion than less variable smaller trees (Orr 1959). 
Other companies, such as Bayonier and the Mead Corporation, use 
fixed radius plots located by random selection. 
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The type of data-recording card varies, also# Some use Port-a-
Punch, where cards are punched in the field as measurements are made $ 
some use forms and have the data transferred in the dffice and others 
use Mark-Sense, where numbers are blocked in with a heavy pencil (Sem-» 
mens 1959, Stott 1957)• 
Foresters and forestry have not kept pace with other industries 
in developing inventory methods (Nelson 1960)# By the use of remeasured 
permanent sample plots and their offspring, continuous forest inventory, 
the forest products industry is attempting to employ sound business man­
agement principles® 
Permanent sample plots were originally a tool of research where 
the growth of a stand could be followed by accurate measurements# Today 
permanent sample plots are "becoming a tool of management as a method of 
keeping an inventory of the forest© It is no longer desirable to use 
antiquated methods in a modern field© Business machines and modern 
techniques have made this possible© 
s 
METHODS 
Plot looation and procedures 
Permanent sample plots have been found to be the best method by 
which forest growth can be sampled* But as Wright (1954) points out, 
they are useless unless the methods used each time are the same. This 
means standardizing the methods of measurements and analysis of data. 
The system of growth measurement described in this paper was tried 
during the summer of 1960 on the Lubrecht Experimental Forest owned by 
the School of Forestry, Montana State University® This forest is located 
35 miles northeast of Missoula, Montana and comprises 27,000 acres of 
forest land. 
Three variable factors that influence growth were used to stratify 
the forests stand type, soil series, and stand density,. 
Information on the stand type was available from the work done by 
Cauvin (1961) in preparing the Lubrecht Forest Management Plant. The 
United States Forest Service classification system was used which delin­
eates the forest on the basis of type, with 50% or more of the volume 
required for the stand to be called a single species type. If two spe­
cies occupied an equal volume, both species were used in the typing (e.g. 
L-DF -would mean equal volumes of larch and Douglas fir). Typing was 
checked on aerial photographs and in the field during the summer of I960, 
A total of six species types were found: larch-Douglas fir, lodgepole 
pine, ponderosa pine, spruce, Douglas fir, and ponderosa pine-Douglas 
fir. 
Soil series was used as the second variable to measure site. 
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Holmes (1960) and Embry (i960) found that the effective depth of rooting 
•was one of the most important factors of tree growth# As trees got older, 
the factor limiting their growth is the depth of the soil* Cox (1955) 
mapped the soils on the forest and found that there "were 23 distinct soil 
series, five series combinations, and two areas which could not be class­
ified as soil series, for a total of 30* 
Stand density was used as a measure of stocking (Baker 1950). Aer­
ial photographs were used to determine stand density using the crown den­
sity of the dominant and codominant trees as a measure#* The following 
criteria were used to determine the density classes: 
1« High density TO^-lOO^crown closure 
2# Medium density 40^-70% crown closure 
3# Low density 0-40$ crown closure 
Random sampling is insurance against serious bias and the occurence 
of unusual events (Cochran and Cox 1950). But, in many problems, time and 
cost factors do not justify the development and application of scientific 
sampling methods (Hanson 1955)0 Directed or judgement sampling where 
the investigator picks the samples from his knowledge of the area may be 
justified (Finney 1950)# Since every item that is picked does not have 
equal chance of being selected, correlation between plots can not be 
made (Hanson 1955)# Should this be considered a random sample, the sam­
pling error would foster overconfidence by its abnormally low values 
(Schumacher and Chapman 1954)# 
Sample plots were located by placing the soil series and the stand 
type on a map of the Lubrecht Forest, thus breaking the forest into work­
* Timber Survey Aid No.. 5, Guide for estimating degree of stocking 
on aerial photos based on crown density of dominant and codominant trees, 
issued by the Pacific Northwest Forest and Range Experiment Station# 
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able areas* Stand density was then determined on the aerial photographs 
and the approximate location picked out on the map* The area picked was 
checked to see if it had been changed by cutting or by some natural phen­
omenon* If it was the same, the plot was established; otherwise a new 
location was chosen* 
Circular sample plots were used rather ihan the square, rectangular, 
or triangular (Spurr 1952, Thrupp 1926, Wilson 1941)* They are easier to 
establish, they can be cruised by one man, and concentric plots of various 
sizes may be referenced by a single center post (Anon* 1959a, Baldwin 1939)* 
Lissdaniels (1947) found that concentric circular plots, in which'each plot 
measured a different age class, saved time and work* 
Bach plot consists of a l/5 acre plot, a l/20 acre plot, and a l/500 
acre plot surrounding one center stake* The plot was broken down as follows 
for sampling the various tree classes; 
A* 1/500 acre plot (radius 5*26 feet) on which all live seed­
lings to one inch diameter breast high (DBH) were counted* 
B* 1/20 acre plot (radius 26.33 feet) on uhich all saplings 
one inch to 4*5 inches DBH were measured for diameter and 
he ight • 
C» l/5 acre plot (radius 52*67 feet) on which poles 4*6 to 10*0 
inches DBH and all mature trees 10.1 inches DBH and above 
were measured for height and diameter* All trees on this 
plot were numbered so that individual tree records could 
be kept* 
Plots should be well referenced so that they may be found easily 
when they are measured* An iron stake (3/8 inch reinforcing rods) with 
a red top was driven into the ground so that only the top three to six 
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laches was left shoving. This was referenced by two trees which were out­
side the boundary of the l/5 acre plot at right angles to each other. 
Each reference tree was biased and scribed with the plot number and the 
blazed area painted. The species of the reference tree, its diameter, 
and distance to the plot center was recorded on the Plot Diagram $35. 
A reference point for each plot was placed on a tree at the near­
est road or trail; it consisted of a blare, plot number, and painted 
circle. In addition, the shortest route from the reference point on the 
road to the plot was blazed and painted. 
The cruise card used in this study was designed for use with auto­
matic data processing equipmento By using a cruise card similar to those 
used by the Forest Survey branch of the Intermountain Forest and Range 
Experiment Station (Anon. 1959c), part or all of the data can be analyzed 
with the data gathered by the Forest Survey. 
Each observation is coded and entered on the card* Each code is 
made up of a specific number of digits, each digit being equal to one 
column on the data processing card. (See Results) 
The data and measurements, collected on each plot established 
were entered on the cruise card. Numbers in parenthesis are identical 
to the items on the plot talley card. 
Information on the location of the plot was recorded on the cruise 
card. This included the location, reference points, bearing and distance 
to the plot from the nearest road or trail, and the aerial photo number 
on which a pinprick was made at the plot location. Instructions on 
methods to be used and coding can be found in the Results under Code 
System for Plot Data. 
Cruiser, date, and declination are recorded and entered on the 
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cruise card. 
Elevation has an effect on the growth of plants and trees* The 
higher the elevation, the greater the wind, the lower the soil and air 
temperature, the higher the relative humidity and the greater the heat 
radiation (Polunin I960). 
Elevation was recorded by the use of an altimeter and topographic 
map of the school forest. A one inch change in the reading on the scale 
of the altimeter was considered equal to a 1000 foot change in elevation 
(Anon. 1955). 
Aspect, slope position, and the condition of the area were deter­
mined on the cruise card for each plot. 
Erosion of the soil has an effect on site quality which in turn 
affects tree growth (Baker 1950). It has been found that tree growth 
drops sharply as erosion becomes save re (Hawley and Smith 1954). Three 
types of erosion are recognized by the Soil Conservation Service? sheet, 
gulley, and shoestring (United States Department of Agriculture Handbook 
Ho. 18,1951). Definition of these types are found in the appendix. 
Diameter growth of a tree has been to be closely related to the 
surface area of the crown? therefore, the greater the area, the greater 
the increment. But, in a stand the higher the degree of crown competi­
tion, the lower the diameter growth on the individual trees (Baker 1950). 
A relative measure of crown competition was set up and used. 
Individual tree measurements should be made as precisely as poss­
ible so that possible errors are smallo Methods must be standardized 
to eliminate error that would occur in succeeding measurements made by 
different methods. 
In order to compare the growth of individual trees, some method of 
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marking and numbering should ho used* Painted numbers have been tised but 
where trees are rough-barked, the bark must be smoothed before paint oan 
be applied (Clapp 1936)• This takes time and ean only be done when the 
weather is favorable* 
Uetal tags, although they corrode and are damaged by animals, ap­
pear to be better suited for marking trees as they last longer and can 
be put on the tree under any condition. Ms tags are hung at breast 
height, the need for a tool or paint to mark this point is eliminated. 
Aluminum nails and tags were used in this study* 
Standard species codes have been established for use with the 
automatic data processing methods of compilation (Anon* 1959c, Miller 
1957). These were used in this study so that eomparisons between For­
est Survey data and data gathered from the permanent sample plots des­
cribed here could be made. 
Diameters are measured so the growth may be calculated* The 
point at which this is done, 4.5 feet, was chosen by early foresters as 
it was the only parameter closely related to tree volume that could 
quickly and accurately be measured at a low cost (Spurr 1952)* The point 
of measurement has been standardized at 4.5 feet aboYe the Mean ground 
level, although the Forest Service, in some regions, measures trees at 
4.5 feet above the ground on the up-hillside. 
Many instruments have been developed to measure diameters calipers, 
tapes, measuring forks, dendrometers, sticks, etc* On permanent sample 
plots much thought should be given as to what instrument is going to be 
used to make the first measurements* When re measuring the plots, an error 
will be introduced if any instrument other than that used in the first 
measurement is usedo 
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Studies have shown that the diameter tape, even though it acage rates 
the diameter of the tree, gives more consistent results than other measuring 
devices* The diameter tape overestimates the dlamster, but it does so in a 
consistent and demonstrable manner (Spurr 1952)* Bruce and Schumacher 
(1951) list three additional reasons for its user convenient to carry, no 
adjustment needed, one measurement on excentric trees* 
Robertson (1928) and Behre (1926) have devised methods by which the 
error between measurements by a diameter tape may be calculated* If the 
tape is used correctly, error is slight* Under no circumstances should 
diameters on permanent sample plots be taken with instruments where stan­
dard error can not be determined accurately (Anon* 1935)* 
Tree heights are used to determine the height growth in connection 
with growth and yield studies and to determine the number of logs in a 
tree* For permanent sample plots it has been found that total height 
measurements are more accurate than usable or merchantable height mea­
surements (Belcher 1957, Staebler 1954)* The estimation of the top mer­
chantable diameter varies with individuals. After taking total height 
measurements, total height cubic volume tables were used and site index 
determined* 
The Spiegel Relaskop, developed by Dr* W. Bitterlich, was used 
to measure the majority of the tree heights* The Relaskop was faster 
than the Abney handlevel because distances from the tree could be mea­
sured with the rang© finder rather than a tape or chain* Hunt (1959) 
found that in 100 measurements, the average cumulative error per tree 
was less - smaller than 0*76 feet. Average error was smaller than two 
feet per tree and the standard deviation was 1*5 feet for each 100 mea­
surements. 
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The number of tree heights needed to make an accurate height-diam-
eter curve for even-aged stands is 20 tree heights (Staebler 1954), But, 
Ker and Smith (1957) recommend that only the two smallest and tiro largest 
diameter trees be measured for heighto They found that an increase in the 
number of trees used to calculate the curve is not accompanied by a reduj-
tion of the standard error of estimate. All dominants on the plot were 
measured for height and enough others to make a total of 20* These were 
spread out over the range of diameters. 
Bark thickness was measured on all trees measured for height* In­
formation on bark thickness was used in determining form class for all 
trees over 10*1 inches in diameter* 
Age was determined for individual trees and the stand in order to 
compute diameter growth over a period of years. Age needs to be determined 
only when the plot is #irst established. Successive ages are determined 
by adding the number of growing periods between measurements* 
Cores may either be counted in the field or brought into the office. 
Shrinkage in the cores is negligible if the cores are analyzed within the 
first week after being taken (Hornibrook 1936). Msthods of staining are 
suggested by Kase (1935), Cuno (1938), and Hall (1935). 
The cause of death or damage was tallied for all trees on the plot. 
The system used was adapted from that of the Forest Survey (Anon. 1959b), 
and the Massachusetts Continuous Forest Inventory System (Anon. 1959d). 
By following the results of these injuries, information on the speed of 
disease, decay, etc. can be obtained. 
The estimation of growth is an essential step in the management of 
a forest. From past growth the forest manager attempts to predict what 
the forest will do in the future. Past growth can be measured accurately. 
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but future growth can only bo predicted with uncertainty due to the in­
accuracies in the growth prediction methods* Time and cost limits require 
that predictions be based on a minimum of measurements, variables, and 
computations (Spurr 1982). 
Risk or tree vigor classes have been devised by Roe (1948), Keen 
(1943), Baker (1950), and Dunning (Baker 1950) as a silvicultural tool# 
Due to the fact that there is a big difference between cruisers in deter­
mining into which class a tree will fall, risk classes were not determined# 
Crown class was measured according to the criteria set up by the 
Society of American Foresters (Anon# 1950a)0 This was used as a means of 
determining the position of the tree in the stand. 
As log grading specifications are not available for all species in 
Western Montana, the type of defect and its position on the bole of the 
tree was entered in Number 30, Log-Grade# Types of defect, listed under 
Number 24, Cause of Death or Damage, were used and entered in the proper 
location. 
The percentage of defect for the whole tree was determined by the 
use of "Percentage Distribution of Volume in Logs 16 Feet Long" table in 
Mason, Bruce, and Girard's 16 foot form class tables (Anon. 1959b). When­
ever signs of defects- conks, fruiting bodies of fungi, swollen knots, black 
or bleeding knots, crook and sweep, fire scars, forks, lightning scars, 
frost and wind cracks, and top injuries were found, the percentage of 
defect was estimated on the basis of the number of logs that it affected 
(Anon# 1959c)# Eight foot seotions or half logs were not considered# To 
simplify calculations the log was either all cull or all sound# 
Sawlog trees were t hose over 10.0 inches in diameter at 4.5 feet# 
A sawlog was considered to be 16.3 feet long to a minimum diameter inside 
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bark of six inches at the small end. Top diameters could be estimated 
quickly and accurately with the Spiegel Relaskop® 
Detailed information about reference points, roads, trails, streams, 
and section corners were entered on the back of the cruise cardo They 
were made as clear as possible so that the plot could easily be found at 
the time of remeasuremento 
Information regarding plot reference points, the diameter of the 
reference tree, its species, the distance from the plot, and the bearing 
from the plot to the tree-were entered on the plot diagram. Whenever pos­
sible, the location of each tree was plotted® In dense heavy stands, every 
fifth tree was located and numbered on the diagram® 
The number of seedlings by species was tallied on each plot in the 
1/500 acre portion® Seedlings were all trees up to one inch at DBH® 
Office procedures 
The breakdown and analysis of the data gathered on the permanent 
sample plots is just as important as the field measurements® By standard­
izing the office procedures, comparisons can easily be made between mea­
surements on the same plot, other plots, and plots established by other 
individuals® 
The results desired from the permanent plots should be determined 
before the plots are e stablished® The methods of analysis should also be 
determined. 
Data analysis sheets and forms should be standardized. These sheets 
will serve as a record of the computations and the plot data® These forms 
should be easy to use, i®eo the steps should fall in a logical order® 
Tree data should be analyzed to get growth for the period between 
measurements® Once this is done, then correlations can be made with 
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measurements taken on the whole plot© 
The data sheets used in this plot system were designed from sheets 
and records used by the Weyerhaeuser Company (i960), recommendations made 
by the Forest Service (Anon© 1935), Staebler (1954), and information sup­
plied by Region 9, United States Forest Service (Stott I960)© 
Three sheets are usedg? a suumary sheet on which individual tree 
data is broken down and analyzed, a plot summary sheet on which data is 
given on a per acre basis for the variables used, and a sheet on which 
growth, ingrowth, and mortality may be entered© 
Summary sheet©— The summary sheet is intended for the primary 
species breakdown of data gathered on the permanent sample plot© Tree 
number, diameter, total height (if measured in the field), bark thickness, 
and radial growth are listed separately by species for each plot© 
As total height was not measured on each tree and since total height 
cubic volume tables were used, a height must be determined for each tree© 
The height curve was calculated using the method of least squares and the 
formula? Y a log x +• b, where Y = calculated height, â  and b are con» 
stants to be determined and log x = the log of the diameters (Bruce and 
Schumacher 1950)© 
Once the constants ii and lb are calculated, the height for each 
diameter class can be calculated from the formula or read from a curve of 
the formula© These heights are then used to determine cubic volume© See 
the Appendix for an example of height-diameter curve construction,. 
Basal area is a more sensitive method of determining growth of a 
forest than any other method of measurement (Bickford 1954) and it is 
independent of site and defect (Zilligitt 1949)© 
Three methods were used to determine the basal area of the stand, 
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one in the field and two in the office# In the field it was determined 
using the angle gauge on the Spiegel Rolaskop# This works on the principle 
developed by Bitterlich (Kendall and Sayn-Wittgennstein 1959). 
Basal area calculated in the office is more accurate than that de­
termined in the field as it can be calculated to the nearest hundredth of 
a square foot. That determined in the field is only obtainable to the 
nearest 10 orcbpends on the basal area of the angle gauge used* 
Two methods of calculating basal area in the office were tried: 
listing each tree from a basal area table and using the formula explained 
by Bickford (1936)# Listing was slow and subject to error, especially in 
the transfer of the basal area values from the table to the talley sheet# 
The formula method is simple, accurate, and lends itself to machine 
calculation. The time saved -when there are more than five trees on a plot 
is considerable# Also, the diameters can be used as they are on the card# 
They do not have to be rounded off or have basal area values determined 
for them# A comparison of the two methods showed that there is no differ­
ence in the results obtained, but there is a considerable saving in time 
and work by using the formula method# 
Volumes are calculated in Scribner Decimal C# and International 
inch using "Tables for estimating board foot volume of timber" based on 
the form class of the tree (Mesavage and Girard)# The gross volume for 
each tree over 10.0 inches in diameter and for the correct number of logs 
is determined# Net volume, Scribner Decimal C#, and International inch 
are determined by deducting the percent cull as calculated in the field# 
Plot summary sheet0— The plot sunmary sheet is a per acre record 
of the plote All volumes are computed on the basis of an acre. Plot 
number, location, slope, aspect, slope position, forest type, elevation, 
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and soil series are entered from the cruise card uncoded. 
The stand size and the average diameter of the stand are easily 
computed using the formula method as outlined by Bickford (1936). Using 
the formula to compute basal area BA = KED , the average basal area can 
be found using the formula D =]/ £D where = the sum of the d iameters 
f H 
squared in square inches, D = the mean diameter in inches, N = the number 
of trees in the total stand or that part for which the mean diameter is 
being determined. 
Stand size is defined as the diameter of the tree of average basal 
area (Staebler 1954). As it is easier to compute basal area on a machine 
than in the field, the stand size is entered on both the cruise card and 
the plot summary sheet* Three stand sizes are usedr saplings - trees 
under 5.0 inches in diameter, poles - trees 5.1 inches to 10.0 inches in 
diameter, and mature - trees 10.1 inches and above in diameter. 
Stand density was determined by the use of normal yield tables 
based on the percentage of the stand to normal. Basal area is a good 
indicator of density or degree of stocking (Stickel and Hawley 1924) and 
is computed in the field by the angle gauge on the Spiegel Relaskop and 
compared with that calculated in the office. The basal area of the stand 
is compared with that of a normal stand of the same age and site from the 
yield tables and the percentage of normal of the measured stand is deter­
mined. 
Site index, the relationship of total height of the dominants and 
codominants to the age of the dominant-codominanb stand, will be determined 
for those species which have index curves made for them. But until accurate 
curves are made for all the species, this should be left blank. 
Hhen obtaining per acre values, it should be remembered that seedlings 
22 
were measured on a 1/500 acre plot, saplings on a l/20 acre plot, and all 
trees over 4.6 inches DBH on a l/5 acre plot. The conversion factors used 
to get plot value to per acre values arer 
1/500 acre plot - 500 
1/20 acre plot - 20 
l/5 acre plot - 5 
Basal area is computed for each diameter class listed on the plot 
summary sheet by the formula method BA = K£P^, as devised by Bickford (1936) 
and used on the sunmary sheet for each species. The computed answer is 
then multiplied by the conversion factor to get per acre figures. 
Board foot volume gives satisfactory service, but standards and 
techniques in harvesting and manufacturing timber have changed since the 
board foot volume tables were constructed. Cubic volume tables measure 
the total volume of a tree while board foot tables measure only the mer­
chantable volume. Cubic volumes are determined for three stand sizes 
using cubic volume tables for each inch of diameter and each foot of 
height. See Appendix. 
The average height of the stand is defined as the height of the 
tree of the average basal area of the total stand« This is read from the 
height curve or computed from the height equation for the diameter of the 
tree of average basal area (Staebler 1954). 
Average height of the dominants is determined by averaging the cal­
culated heights of each dominant tree and dividing by the number of trees 
in the stand. 
Permanent sample plots are set up to measure growth and mortality 
through successive remeasurements of the same trees. Therefore, by using 
the methods previously outlined to calculate total basal area, cubic foot 
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and board foot volumes, periodic and average annual growth can be simply 
and easily determined. 
Staebler (1954) outlines a method of computing mortality for this 
period using the same stand that was used to calculate growth. 
Recordso— The amount of time and expense required to set up ac­
curate permanent sample plots and to break down and analyze the data 
gathered an these plots requires clear and consise records stored in a 
safe place. Records of all phases of the work should be kept so that if 
mistakes are made, they may quickly be located and corrected. Records 
should be kept of plot locations, factors that influence tree growth, 
individual trees measured, calculations, and analyses of data. By 
standardizing record keeping procedures and recording sheets, comparisons 
can easily be made and calculations followed. 
Records of plot location are best made on aerial photographso A 
small pinhole was made on the plot and information as to the plot number, 
species, stocking, and soil series was entered on the back (Anon. 1959b, 
Anon. 1959c). 
Information to be gathered from the plot should be in a logical 
order so that it can easily be entered on the forms. 
Individuals tree measurements and measurements taken on the whole 
plot are usually placed on the same form (see Appendix). Plot measurements 
are placed cm the top of the card and the individual tree measurements be­
low. With the advent of automatic data processing equipment, data may be 
entered on cards in the field. Plot measurements are entered on a plot 
master card} individual tree measurements are entered on tree cards, one 
for each tree (Stott 1958). Tests have shown that costs can be cut by 
the use of data cards in the field, rather than entering data ontd a form 
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and then transferring it to data cards in the office (Stott 1959)# 
Portable tape recorders have been tested as a means of taking data 
in the field. They were found to be feasible and adaptable to a one man 
crew, but there was less flexibility in the order in which information 
could be taken (Bears et al 1959). 
Automatic data processing is advantageous when there is a lot of 
data to be analyzed. For small samples other methods can be used. The 
Royal-McBee Company manufactures keysort cards which can be used for sam­
ples of 200 or less (Denyer and Etheridge 1956, Meteer 1953, Weyerhaeuser 
I960). Spurr (1952) suggests a method of using file cards for individual 
tree records. 
Form class.— By using form Glass volume tables, a more accurate 
determination of board foot tree volume can be made. Form class takes into 
consideration the taperswhereas conventional diameter-height tables, unless 
corrected for local use, do not. 
Girard's form class was used rather than the form quotient methods 
as described by Fernow (1907, Wickenden (1921), and Behre (1923). The 
point at which the measurements for Girard's form class are taken on the 
bole is a fixed point, whereas the point used in the form quotient varies 
with the height of each tree. 
Girard's form class, the diameter inside the bark at the top of the 
first 16 foot log divided by the diameter breast high - 4.5 feet - (Meyer 
1953) was used to find the board foot volume for alHrees 10.0 inches and 
above. 
The form class calculated at the first plot measurement will be 
used to calculate volumes when the plots are remeasured. Form class 
should be determined at each plot measurement. Unless there is a signifi­
cant change in the form factor, the factor determined and used when the 
plots were established should be used to calculate volumes. If the form 
factor changes, all volumes should be recalculated* 
Girard*s form class may be determined more easily and quickly by 
the use of a cbndrometer, such as the one built into the Spiegel Relaskop, 
rather than climb trees with a ladder or climbing spurs* This instrument 
will measure the diameter outside the bark at the top of the first 16 foot 
log. (Thirty-three feet from the tree, the diameter may be determined to 
the nearest ineh») Diameter inside the bark may then be found by the use 
of bark curves, drawn using the method outlined by Maezawa (1956) for 
ponderosa pine, Douglas fir, and western larch* 
It was found that the form class determined by this method was 
slightly less than actual and often less than the lowest form class given 
in the volume tables "Tables for estimating board foot volume of timber" 
(Mesavage and Girard)* In this case, the lowest form class (65) in the 
tables was used* 
RESULTS AND RECOMMENDATIONS 
Results 
Using the guide lines described in the preceding study, thirty per­
manent sample plots were established on the Lubrecht Experimental Forest 
during the summer of 1960 to test plot location procedures, methods of 
tree measurement, and coding procedures* The methods used to summarise 
the field plot data were tested during the fall and winter of 1960-1961* 
Corrections were made on the original procedures when they were not appli­
cable and did not give the desired accuracy* 
Cubic volume tables for lowland -white fir, lodgepole pine, Douglas 
fir, western larch, and ponderosa pine were interpolated to inelude one 
foot height classes and one inch diamster classes* This provides a more 
accurate and sensitive measure of growth than the ten foot height classes 
and two inch diameter class of the original tables* 
Girard's form class volume tables were used to determine Scribner 
board foot volume for all trees ten inches DBH and over* Bark curves were 
constructed for Douglas fir, western larch, and ponderosa pine* This 
method of finding bark thickness at the top of the first 16 foot log prdved 
satisfactory in determining form class, although the form classes were 
found to be slightly lower than the actual form class* Once form class 
is determined on each plot for the ten inch diameter and larger trees, 
the form class will be used to calculate all succeeding Scribner board 
foot volumes* 
The value of the information that permanent sample plots provide 
will be affected by the care with which measurements are made, recorded, 
and the data summarized* When growth is small, mistakes have a signifi­
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cant affect on the results* The person doing the work should have a thor­
ough knowledge of the methods and tools which he is using* 
Specific recommendations for future studies can be made at this time. 
But conclusions about tree growth can not be made until further measurements 
are made and compared with data from the original measurements* The study 
established a foundation upon which accurate information about tree growth 
can be built. 
Field plot procedures 
The plot*— Circular plots will be established according to local 
type, stand density, and soil serieso There will be one plot for each 
combination, if possible* The plots will be located in the most represen­
tative part of the combination, far enough from the boundary to eliminate 
border effects, i.e. the plot will not be in two soil series at once* 
Aerial photos, type maps, and soil series maps will be used to 
identify the plot* It will be located permanently on the photos and la­
beled on the back in the following manners 
( ) Plot number - 0012 
Variable combination 
Species - L-DF 
Stocking - Med. stock 
Soil series - Lubrecht soil 
A hole will be made in the photo through the plot center, if possible, and 
circled on the back* 
A plot will consist ofj 
A* 1/500 aere plot (radius 5*26 feet) - all live seedlings to 
1*0 inch DBH will be counted. 
B* l/20 acre plot (radius 26*33 feet) - all saplings 1*1 inch 
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DBH to 4*5 inches DBH will be measured for height and 
diameter* These trees will not he numbered. 
G* l/5 acre plot (radius 52*67 feet) - 1. Poles - 4.6 inches 
to 10*0 inches DBH measured for height and diameter, and 
2. Mature - 10.1 inches DBH and above measured for height 
and diameter* 
All plots will he oriented to the NORTH with the numbering of the 
trees on the l/5 acre plot proceeding from the NORTH clockwise and from 
the center toward the boundary* 
Plots should be located by the easiest and quickest route from the 
nearest road* A stake or post will be driven into the ground at plot een-
ter so that the top 6 inches are above ground and that portion painted* 
The plot center will be referenced by two trees outside the plot 
boundary aa3 at right angles to each other* X1 s will be painted on each 
tree and their locations will be marked on the plot diagram. The species 
diameter and distance from the plot center will be recorded with the tree 
number on the plot diagram* 
Boundary trees*— For a tree to be in a plot, at least half of 
the ground diameter (measured with a diameter tape) has to be within the 
plot boundary. 
"Where the boundary is exactly at the center of the ground diameter, 
every other tree of suoh circumstance will be used as a plot tree* This 
tree should be measured like all the rest* 
Trees just out of the plot will be marked with a painted 0* 
Distances*— All distances will be horizontal distances* 
Forked trees and abnormal DBH*— If the normal DBH cannot be mea­
sured because the tree forks at-or below breast height,,the tree will be 
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tallied as two stems and the diameter Sj- feet above the fork should be 
measured for each stem, but bear the sanie number. Trees which fork above 
feet will be tallied as one tree and given the height of the tallest 
stem. 
The DBH of swell-butted trees will be measured at the top of the 
swell. Diameters will not be measured over lumps and limb swellings, even 
if they are at 4^- feet} move tape above the swelling. 
Age,— It should be remembered that there is a difference in age 
of the tree at 4,5 feet and at ground level and should be taken into 
account when determining age. 
Timber types,— The local timber type is determined on the basis of 
volume and value of the species. To be dominant in a stand, the species 
must occupy at least fifty percent by volume. Stands in which two species 
are of the same density are typed together (L-D), (Lubrecht Management 
Plan) If stands are typed incorrectly, use the type as it is on the ground. 
Form class,— As Girard's "Volume Tables for 16 Foot Logs" will be 
used to get board foot volume, the following information will be necessarys 
Species - DBH at 4,5 inches above mean ground level, diameter inside the 
bark at the top of the first 16 foot log. Use the following formula to 
obtain Form Class: F,C, = DIB 1st 16' log , Enter form class in the form 
DBH 
class column. It is not necessary to use code. 
Code system for plot data 
The numbers on the left of this page are identical to the item num­
bered on the plot tally eards. The following data are to be taken on the 
whole plots 
so 
1* Plot Number 
Record as four (4) digit number - 0001, 0002, etc. 
2* Locat ion 
Location will be determined in the office and will be recorded as 
the following: Township (T), Range (R), Section and Forty (no code)* 
3* Photo Number 
The plots will be located on the photos and the photo number re­
corded on the cruise card (no code)* 
4* Slope 
The average percentage of the plot will be taken with an Abney hand 
level and recorded0 
5* Aspect 
Aspect, the direction in which the plot faces, will be determined 
on the ground when the plots are being located* There will be four aspectsr 
Code 
1. N 316° to 45° - N 45°1T to N 45°B 
2* E 45° to 135° - N 45°E to S 45°E 
3. S 135° to 225° - S 45°E to S 45°W 
4, W 226° to 315° - S 45°TT to N 45°W 
6* Plot Reference Point 
A reference tree will be marked at a point on the road nearest the 
plot* The distance and azimuth from the stake being recorded* A band of 
paint will be placed on the reference tree at DBH and facing the stake* 
7* Bearing to Plot 
The bearing and distance of the quickest route from the reference 
point to the plot will be recorded* Also record on the reverse side of 
the card (32)o 
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8* Cruiser - Date 
Enter last name (print) and date. 
9# Declination 
Enter declination used at the time the plot "was taken. 
10. Position on Hillside 
Position will be established at the time the plots are located. 
This will be recorded as a one (1) digit code. 
Code Site 
1. Near the bottom of the slope 
2. Middle of the slope 
3. Near the top of the slope 
11* Timber Type 
Record an Plot Card as a one (1) digit code# The types are as fol­
lows t 
Code Type M*p Symbol 
1. Douglas fir D 
2. Ponderosa pine PP 
3. Ponderosa pine-Douglas fir PP-D 
4. Larch-Douglas fir L-D 
5. Lodgepole pine LP 
6. Englemann spruce S 
12. Stand Size Class 
Leave blank in field. The size of the stand will depend on the 
tree of average basal area. (See Office Procedures, Step 15) 
13. Crown Density 




0. Not classified 
1. Well stocked - 70$f crown closure 
2. Medium stocked - 40$-69$ crown closure 
3. Poorly stocked - 0-39$ crown elosure 
4. Cut - reproduction 
5. Cut - no reproduction 
14. Elavat ion 
This will be recorded for each plot at the plot center, ground level. 
A barometer and topographic map will be used* The barometer will be checked 
each day before using and in the field at points of known elevation. Ele­
vation will be recorded to the nearest 20 feet. 
15. Area Condition Class 
The condition of a two acre plot (167 feet) will be determined for 
each plot measured. 
Code Degree of Cutting 
0. Completely clear cut (enter date under Remarks) 
1» Trees present, but less than 10% original basal area left 
2. 10% - Z0% original basal area left 
3. 30$ - 60$ original basal area left 
4. Over 60$ original basal area left 
5. Not logged. 
16. Erosion 


















This will be recorded from a soil series map. 
Code Symbol Name Number 
01. Tre Clearwater 882 C,D1 
02. Trg Greenough 762 C,D,E1 
03. Trl Lubrecht 782 C,D,E1 
04. Ifftrro 
1 
McManus 749 El 
05. Sty Yourname 627 F,FF1 
627 F#C,D„E 
03. Gtc Coppercliff 667 C,D,E1 
or. Gtm McNamara 707 C,D1 
08. Gts Svrnf lower 687 C,X>1 







Bg Garnet 779 F,FF 
779 F,C,D,E 
11. Bgm Garnet Materials 778 E,F,FF 
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Code Symbol Name Number 
12. Be Elk Creek 725 B,C1 
13. Bob Coldbrook 642 C,D,E1 
14. Bs Shotgun 722 FF1 
722 D#E,F 
15. Be Chamberlain 
16. Gnw Woodrock 799 E,F1 
17. Etc Clarkfork 745 B,C1 
18. Rtw Wishard 743 B,C1 
19. Ht Troutwine 
20. Chs Shoofly 492 B1 
21. Chp Poison 482 B,C,D1 
22. Chk Skalkaho Loam 642 B,C1 
23. Gnr Geniessic Parkland 2 
24. P Placer-dump 4 
25. A1 Alluvial Lands 6 
26. Trg-Trl Greenough-Lubrecht 
27. Gts- Trl Sunf1ower-Lubrecht 
28. Gty-Bg Yourname-Garnet 
29. Gtm-Bg-Mt IfoNamara-Garnet-Troutwine 
30. Bemr-Be Garnet Materials-Garnet 
18# Depth of a Horizon 
The depth of the A horizon will be recorded in inches. 
19* Stand Age Class 
Leave blank in field. The age of the stand will be determined as 
the average of the dominant trees. 
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20. Tree Number 
All trees 4,6 inches DBH and above will be tagged and numbered 
while only LIVE trees above 1.0 inehes will be measured for DBH and height 
(l/20 acre plot). Trees below 1.0 inches will be classified as seedlings 
and counted on a 1/500 acre plot. 
Trees will be numbered in a clock-wise manner from north and from 
the center of the plot out. 
Tree numbers will be entered as three (3) digit numbers - 001, 010, 
100, etc. 
21. Species 
All trees will be identified as to species. A two (2) digit code 
will be used, using the Forest Service system. 
Oode Conifers in 8 - 1 
01 Douglas fir 
11 Ponderosa pine 
14 Western white pine 
15 Lodgepole pine 
26 ?lhite bark, limber, and bristle cone 
31 White fir 
33 Grand fir 
36 Alpine fir and Corkbark fir 
41 Spruce 
47 Mountain hemlock 
48 Western hemlock 
54 Western red cedar 
55 Western larch 
63 Juniper 
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Hardwoods Conifers in R - 1 




Diameter will be measured for all trees entered on the card. This 
will he measured 4,5 feet above the mean ground level and will be marked 
with a tag and nail. If there is a whorl or limb at 4.5 feet, measure 
just above the obstruction and place the tag at that spot. 
Measure all diameters to the nearest 0,1 inch and record as a four 
(4) digit code on the card; i.e. a 10.5 inch DBH tree would be coded as 
0105} a 30.5 inch DBH tree would be 0305, etc. 
23. Total Height 
Heights will be measured to the nearest two feet and recorded as a 
three (3) digit code; i.e. 72 foot tree would be 072, 124 foot tree would 
be 124. 
Twenty (20) sample trees should be measured for height on each plot. 
At least one sample tree height will be taken in each one inch diameter class. 
24. Cause of Death or Damage 
The primary cause of death or damage will be recorded as a two (2) 
digit number using the following! (Use in Log Grade or Defect by Log Position) 
Code Cause 
00 No damage 








08 Shadow - Extreme 
09 Sunlight - Estreme 




14 Not able to tell 
15 Pathological - 15 to 29 
16 Blister rot 
17 Heart rot 
18 Sap rot 
19 Top rot 
20 Pole blight 
21 Mistletoe 
22 Stag top 
23 Rust brooms 





29 Not able to 
30 Entomological 30 to 44 













44 Nob able to tell 
45 Man caused - 45 to 59 
46 Felling - logging 
i 
47 Logging - skidding 
48 Cut for TSI 
49 Frilled for TSI 








58 Cut for harvest 
59 Not able to tell 
59 














74 Not able to tell 
75 Physiological - 75 to 89 
76 Sprout origin 
77 Crook 
78 High fork 
79 Excessive limbiness 
80 Seams 
81 Lost limbs 
82 Fork 
83 Overmature 
84 Top broken out 




89 Not able to tell 
90 Miscellaneous - 90 to 98 








99 Tree dead or dying 
25# Bark Thickness 
Bark thickness will be taken on all trees bored for age and measured 
to the nearest 0*05 inch (l/20n)• Record single bark thickness as a three 
(3) digit code; i.e. 0.75 inches in 075. 
26. Tree Age 
Age will be determined on all dominant trees, those trees measured 
for total height. Borings will be made on the side facing the plot center 
at 4.5 feet above the ground. 
Age will be recorded as a three (3) digit code with estimations of 
age to the nearest 5 years. A 117 year old tree will be entered as 115 
and 118 as 120 (15 = 13 to 17, 10 = 3 to 12). 
27. Radial Growth 
Radial growth will be determined on all trees measured for height 
and bored for total age. It will be taken at DBH on the side of the trees 
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facing the cantor of th« plot and will b© measured for the last 10 years 
to the nearest l/20th (.05) inch. Record as a three (3) digit code; 10 
years growth of 2.10 inches will be 210. Radial growth will be taken on 
©very quarter of the plot. 
28. Risk Class - Optional 
Each tree will be classified for risk. The following systems will 
be used; 
Code 
1. Ponderosa pine - Keene class 
2. Larch-Douglas fir - Research Note 66, 1948, Northern Rocky 
Mountain Station, A. Roe. 
3. Lodgepole pine - Taylor's classes 
This will be recorded as a throe (3) digit code with the first 
digit as tho system used and the other two digits for the individual tree 
class. 
29. Crown Class 
Grown class of each tree tagged will be recorded using the follow­
ing s 
Code 
1. Dominant- Treos with crowns extending above the general level 
of the crown cover and receiving full light from above and 
partly from the sides; larger than the average tree in tho 
stand and with crowns well developed, but possibly crowded 
on the sides. 
2. Co dominant - Trees with crowns forming the general level of 
the crown cover and receiving full light from above, but com­
paratively little from the sidesj usually with medium-sized 
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crown mora or less crowded on the sides. 
3. Intermediate - Trees shorter than those in the two preceding 
classes, but with crown cover formed by codominant and dom­
inant trees receiving a little direct light from above, but 
none from the sides, usually with small crown considerably 
crowded on the sides. 
4. Suppressed - Trees with crowns entirely below the general 
level of the crown cover receiving no direct light either 
from above or from the sides. 
5. Open Grown - Trees grown with light from all sides and above 
and without competition in the past or future. 
6. Released - Trees freed from conpetition by cutting or other­
wise removing or killing nearby vegetation and branches. 
30. Log Grade of Defeot by Log Position 
One log = 16.3 feet (Merchantable height). If log grade is de­
sired, standard Forest Service grades will be used. 
If defect is desired, the types of defeot to be used are listed 
under Cause of Death or Defect (Number 24). 
For a completely dead tree enter 99 for the number of merchantable 
logs that nould be to the minimum diameter. 
As a defect due to conk and root rots is known to extend for more 
than one log, estimate the number of logs affected and put in appropriate 
code in log space. 
A log is all cull or all sound. 
Where there are more logs than spaces on the line, use a seoond 
line and repeat the tree number. Leave all other spaces blank. 
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31. Percent of Dofeet 
Defect will be entered as a percent of the total volume of 16 foot 
logs. Leave blank in the field. 
32. Logs 
The number of logs to a top diameter of 5 inches will be entered 
in this column. This will be a two (2) digit code? 1 log = 10# 2 logs 
—- 20, 2g logs — 25. 
33. Reference Point 
Briefly describe the reference point and the road, trails, etc. 
by which it is reached. 
34. Location of Plot 
Draw a map of the location of any prominant features, road, etc. 
that will enable the next person to measure the plot to find it easily 
and quickly. Label all features. 
Remembers Make the map simple, but; complete. You may have to find 
this plot again. 
35. Plot Diagram 
Show a numbered dot for all trees over 5 inches DBH (Stand Size 
Class 2 and 3). For a down tree, place a circled dot at the location of 
the roots and draw a line with an arrow in the direction it is lying. For 
Plot Reference trees, use an X instead of a dot. Start from the north. 
Use horizontal distances. 
36. Form Class 
Form class can be taken by climbing trees or by measuring down 
trees. If form class is desired for each plot, enough trees will have 
to be climbed to give a good sample. Bach species and size class should 
be well represented. 
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37. Seedlings 
The number of live seedlings and species of each will be recorded. 
Seedlings will only be counted on a 1/500 acre plot (radius 5.26 feet). 
Seedlings are all trees from 6 inches high to 1.0 inches DBH. 
38. Stand Density 
Leave blank in the field. This will be calculated in the office 
using yield tables for appropriate species. 
Code 
1. High - 66 $ to 100$ 
2. Medium - 33$ to 66$ 
3. Low - 0 to 33$ 
Stand Office Procedures 
The use of standard procedures to oompute field data allows com­
parisons of different plots or the same plot at different periods of 
time. The following is an outline of the computation procedures to be 
used on the data from the plots established on the Lubrecht Experimental 
Forest. 
Some of the calculations, site index and stand density, can not be 
done at the present. But they are included on the PLOT SUMMARY SHEET for 
such a time when normal yield tables and site curves are worked out for 
the commercial species of the Northern Rooky Mountain area. 
The steps in the calculation of the sample plot data are presented 
and explained in order of their occurence. Numbers in brackets refer to 
the headings on the cruise card and summary sheet. 
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Species summary shoot,— This is a work sheet that is to "be used 
for the calculation of individual tree volumes on the plot. 
Step 1 Plot Number 
Enter the plot number in the appropriate space. 
Step 2 Species 
Bach species will have a separate sheet for listing volumes, eto« 
All Douglas fir on a plot will be listed on a separate sheet• Spruce 
will be on a separate sheets Use as many sheets as necessary for each 
spec ie s • 
Step 3 
List Tree Number (l) and DBH (2) for each live tree. 
List Total Height (3), Bark Thickness (5), and Radial Growth (6) 
for each tree on which they were determined^ 
Total height cubic volume tables will be used as the top of the 
tree gives the cruiser a definite point to measure® It is difficult to 
determine merchantable height accurately on a standing tree. 
As it is usually impracticable to measure the height of every tree 
on the plot, a sample over the range of diameters present on the plot is 
measured, A height curve that shows totals by DBH is then constructed). 
A height curve will be constructed for each species on the plot* 
The calculated height will be entered under (4) Calculated Heights 
This will be done by species for each tree on the plot including those 
measured in the fieldo 
The recommended curve is one constructed mathematically from the 
diameters and heights measured on the ploto This will be done by the 
Method of Least Squares using the formular Y = a log X + b» 
The height for each diameter class will be read from the curve or 
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calculated by the equation* The volume for each tree of a given DBH 
(measured on the plot) and height (calculated) is then read from the cubic 
volume tables for that species* 
The cubic volume tables are prepared for one (l) inch DBH classes 
and one (l) foot height classes* It is necessary when using these tables 
to have some standard by which diameters (measured in the field to 0*1 
inches) are grouped into one (l) inch classes* The following will be 
used: A diameter class = 0*6 - 1.0 - 0.5. Therefore, the 10 inch class 
will run from 9*6 inches to 10.5 inches5 the 20 inch class from 19.8 inches 
to 20*5 inches. 
Step 4 Basal Area (7) 
Basal area will be computed for tile whole stand or parts of the 
2 
stand by the formula methods ZBA = K2D where BA = basal area in square 
feet, D = diameter in inches, K = constant 0.005454, and 2= sum of. 
This may be checked by entering the basal area values for each tree 
from the Basal Area Tables (Bruce and Schumacher, p* 48). Results should 
agree within 1 percent* 
Step 5 Cubic Volume (8) 
The cubic volume will be entered for each tree* Using the tables 
in the appendix, determine the volume for each DBH and each foot of 
height* The volume of hardwoods will not be determined in cubic or 
board feet* 
(Ol) Douglas fir - Table No* 3 
(ll) Ponderosa pine - Table No* 5 
(15) Lodgepole pine - Table No, 2 
(36) Alpine fir - Table No. 1 
(41) Englemann spruce - Table No. 1 
(55) Western larch - Table No. 4 
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Step 6 Form Class (9) 
Form class volume tables (Tables for estimating board-foot volume 
of timber, United States Department of Agriculture, Forest Service) will 
be used to determine board-foot volume for all trees over 10ol inches DBH 
and one (l) log in height* 
The form class calculated in the first measurement will be used in 
succeeding measurements so that volumes may be compared on the same basis* 
(Form class should be computed at each remeasurement, and it there is a 
significant change, the board-foot volumes should be computed on the ba­
sis of the new form class* 
Step 7 Logs (10) 
The number of logs will be entered from the cruise card (32)* 
Step 8 Percent Cull (11) 
Enter defect as a percent of the total volume of 16 foot logs on 
the cruise card (31) and on the sunmary sheet* The following table will 
be usedt 
Tree Height in Logs 














55 35 10 
41 31 20 8 
32 27 21 14 6 
27 23 19 14 11 5 
23 20 17 15 12 8 5 
20 18 16 14 12 9 7 4 
17 16 15 13 11 10 8 6 4 
16 15 13 13 11 10 8 7 5 3 
14 13 13 11 11 10 8 7 6 4 3 
Step 9 Gross Volume International j inch (12) 
"Tables for estimating board-foot volume of timber" will be used to 
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determine the gross volume of each tree. The International -J- inch Rule 
Form Class 66-90, pp • 17-42 will be used. 
Step 10 Gross Volume Soribner (IS) 
"Tables for estimating board-foot volume of timber" will be used 
to determine the gross board-foot volume of eaoh tree* The Soribner Log 
Rule Form Class 65-90, pp. 43-69 will be used. 
Step 11 Net Volume International j inch (14) 
Gross Volume International (12) x Percent Cull (11) = Net Volume 
International (14). 
Step 12 Net Volume Scribner (15) 
Gross Volume Soribner (13) x Percent Cull (11) = Net Volume Scrib­
ner (15). 
Step 13 Total 
Total columns 7, 8, 12, 13, 14* and 15. 
Plot sunmary sheet.— This sheet will be used to list the final 
volumes determined for the stand measured. Sections B through F will be 
listed on a per acre basis* Steps 14-28 
gfeep 14 List 
Plot number- enter from cruise card (1) 
Location - enter from cruise card (2) 
Slope - enter from cruise card (4) 
Aspect - enter uncoded from cruise card (5) 
Slope position - enter uncoded position from cruise card (10) 
Forest type - enter uncoded from cruise c^rd (11) 
Elevation - enter from cruise oard (14) 
Soil series - enter uncoded from cruise card (17) 
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Step 15 Stand Size (12) 
Stand size will be diameter size of the tree of average basal area* 
I) =* the diameter, D = the diameter of the tree of average basal area, 
N — the number of trees, and 2T= sum of* 
This will be entered on the plot sunmary sheet as sapling, pole, 
or mature and on the cruise card (12) in code* 
Code 
1 Trees under 5*0 inches DBH - Sapling 
2 Trees 5*1 inches to 10*0 inches DBH - Pole 
3 Trees 10*1 inches DBH and above - Mature 
Step 16 Stand Age (16) 
Stand age will be the average age of the dominant trees on the plot* 
This will be entered on the cruise card (19) as well as on the plot summ­
ary sheet* The age of the stand is established once and for successive 
measurements it is calculated by adding the number of elapsed growing 
seasons between measurements* 
Step 17 Stand Density (38) r 
The density of the stand will be determined by the relation of the 
stand to normal, using basal area yield tables, if they are available* 
Fill in the blanks opposite 38r 
38 Density (1) based on (2) Total BA/A 
Total BA (3) /k 
(l) The following classifications will be usedt 
High - 66$ to 100$ of normal 
Medium - 33$ to 66$ of normal 
High - 0 to 33$ of normal 
The formula method will be used to determine this diameter D 
€0 
(2) Enter the basal area per acre of the normal stand from the 
yield table. 
(S) Enter the total basal area of the stand as calculated by the 
formula method used in Step 4. 
Enter the nume and number of the normal yield table used in (l) and 
(2) after (3). 
Step 18 
Measurement number -
Year - year in -which the plot was measured 
Step 19 Site Index 
Site index will be determined for those species for which site in­
dex curves are available* 
Site index is based on the relation of total height of the domin­
ants and c©dominants to the age of the dominant-codominant stand* Use 
calculated heights rather than actual heights when determining the site 
index* 
Circle the symbol that corresponds to the site index curve used 
and enter the site index after it* Enter a description of the yield 
tables used so that the same one may be used at the next remeasurement* 
To obtain per acre values* 
A field plot consists oft 
a* A 1/500 acre plot on which all live seedlings to 1*0 inches 
DBS were counted but not measured* Multiply all values by a 
factor of 500 to get per acre values* 
b* A 1/20 acre plot on which all saplings 1*0 inches to 4*5 
inches DBH were measured for height and diameter* Multiply 
all -values by a factor of 20 to get per acre values* 
51 
c. A 1/5 acre plot on which all poles 4.6 inches to 10.0 inches 
DBH and mature trees 10.0 inches DBH and above were measured 
for diameter and height. Multiply all values by a factor of 
5 to get per acre values* 
(AS) Species -Enter data under the correet species symbol. 
DF = Douglas fir LPP = Lodgepole pine 
PP = Ponderosa pine S = Spruce 
HE = Hemlocl L = Larch 
If there are species on the field plot that are not listed on the 
summary sheet, cross out as many headings as needed and enter the data for 
the other. 
Step 20 Number of Trees (B) 
Enter the number in each class for each species on a per acre basis. 
Step 21 Basal Area (c) 
2 
Use the formula B = KZD as in Step 4 to compute the basal area for 
each class and multiply it by the appropriate conversion factor. 
Step 22 Cubic Volume (D) 
Compute the cubic volume for the three classes listed and enter on 
a per acre basis. 
Step 23 International j inch Volume (E) 
Enter the net board-foot volume for all trees 10*1 inohes DBH and 
above. Use the value obtained from No. 14 of the Sunmary Sheet and mult­
iply by the conversion faotor. 
Step 24 Soribner Volume (F) 
Enter the net board-foot volume for all trees 10*1 inches DBH and 
above* Use the value obtained from No. 15 of the Sunmary Sheet and mult­
iply by the conversion factor* 
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Step 25 Number of Dominants (G) 
Enter the number of dominants on a per acre basis* 
Step 26 Number of Codominants (H) 
Enter the number of codominants on a per acre basis* 
Step 27 Average Diameter (I) 
Total stand - the average DBH of the total stand is the diameter 
of the tree of average basal area* It will be computed by the following 
formula: D =|/5D^ where D = the average diameter of the stand, D = di-
tir~ 
•meter, N = number of trees, and 5= sum of* 
This will be computed for each species on the plot as well as the 
whole plot. (Do not apply the conversion factor) 
1*0 inches to 4.5 inches DBH - Apply the same method used for tot­
al stand. 4.5 inches and above - Apply the same method used for total 
stand. 
Step 28 Height (J) 
Total stand - average height of the total stand is the height of 
the tree of average basal area of the total stand read from the height 
curve or computed from the height equation for the diameter o f the tree 
of average basal area* 
Dominants - average height of the dominants will be equal to the 
average of the calculated heights of the dominants* 
Growth, ingrowth, mortality*— Steps 29-31 
Step 29 Periodic Growth 
Periodic growth is the increase or decrease in the live stand vol­
ume or basal area from one measurement to the next* 
1* Basal area - total basal area will be computed for each measure­
ment as in Step 4« The results will be subtracted to get periodic growth 
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g 
in basal area. B = K3Dg Measurement No. 2 
— B — KSD Measurement Ho. 1 
Total periodic growth 
2* Cubic feet - total cubic foot volume for each measurement will 
be computed as in Step 5. The results will be subtracted to get period­
ic growth in cubic feet. 
3. Board-feet - total board-foot volume for each measurement will 
be computed in board-feet International inch as in Step 9. The results 
will be subtracted to get periodic growth in board-feet. 
Step 30 Average Annual Growth 
Average annual growth is the increase or decrease in live stand 
volume or basal area from one measurement to the next divided by the num­
ber of growing seasons between measurements. 
1. Basal area - divide the result from Step 29 Ho. 1 by the number 
of growing seasons and'multiply by the conversion factor to get per acre 
values* 
2* Cubic feet - divide the result from Step 29 Ho. 2 by the number 
of growing seasons and multiply by the conversion factor to get per acre 
values. 
3. Board-feet International 4- inch - divide the result from Step 
29 Ho* 3 by the number of growing seasons and multiply by the conversion 
factor to get per acre values. 
Step 31 Mortality (Total) 
Total mortality- occur ing between measurements is calculated using 
the same standards of volume and number of trees as for the live stand* 
1. A stand table is constructed showing the number of trees by 
DBH classes that died during the period being measured* 
2* Calculate the volume and basal area using the DBH of the dead 
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trees* Use the height measured in the field at the present measuremsnt. 
3. The volume will be calculated in basal area (Step 4), cubic feet 
(Step 5), and board-feet (Step 9). 
Any diameter growth that has occurred since the last live measure­
ment is ignored, but its height is taken as though it grew throughout the 
entire growth period. These compensate. 
Recommendat ions 
Circular plots were used because they lent themselves to one man 
cruising. But square or rectangular plots should be tried as they may 
sample a greater cross section of the stands than the circular plots 
(Spurr 1952). Johnson (1949) and the United States Forest Service (Anon. 
1959b) use a cluster of circular l/5 acre plots. These were preferable 
statistically, but not from the standpoint of time economy. A study 
should be made comparing plot shape and size with their accuracy and 
cost* 
Crown density can be measured in many ways, but none are quick and 
accurate. Morris (1936) and Wellner (1948) suggest the use of a photoel­
ectric cell which works on the basis of light intensity in the stand* A 
recent development, the densiometer, has been used successfully on the 
West Coast (Dealy 1960, Stickler 1959). A study should be made to test 
the applicability of these instruments in relation to the stands found 
in Western Montana. 
The use of the prism has revolutionized timber cruising and all 
but done away with the fixed radius plot. Permanent sample plots have 
been established using this method with considerable savings in time and 
money (Anon. 1960b, Orr 1959)* By using the prism and measuring the 
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"count" trees, more plots can "be e stablished over a greater area at ap­
proximately the same cost. The differences between prism plots and fixed 
diameter plots has been studied in timber cruising, but never in relation 
to permanent sample plots. 
Girard's form class, diameter inside bark at the top of the first 
16 foot log divided by the diameter outside the bark at 4.5 feet, is us­
ually estimated on standing trees rather than measured. Measuring requires 
the use of climbing spurs or a ladder. Horn (1956), Burns and Adam (1956), 
and Briscoe (1959) have suggested two methods of using lower bole measure­
ments to estimate Girard's form class. Perhaps these methods could be 
tried in this area. 
The affect of soil profile on growth has not been thoroughly stu­
died. Holmes (i960) and Embry (i960) found that as trees grow older, 
growth is limited by the effective rooting depth. Their work was done 
on temporary sample plotsj if the same work were done on permanent sample 
plots, the developments of the stand could be closely watched and correl­
ated with changes in the stand. 
The cubic volume tables used to calculate cubic volume for the 
permanent sample plots were developed by Haig (1932) and Meyer (1938). 
The original tables by Haig were for one inch diameter tables from one 
inch to 30 inches DBH and for 10 foot height classes from 10 feet to 160 
feet. Meyer's tables were for two inch diameter classes from 4 to 50 in­
ches and 10 foot height classes from 20 feet to 150 feet. 
Both sets of tables were expanded to one foot height classes and 
Meyer's was expanded to one inch diameter classes. Perhaps these tables 
could be expanded further to l/lO inch diameter classes which would re­
quire additional field measurements to correct for any discrepancies 
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Soma of the accuracy desired in obtaining volumes is lost by rounding off 
diameter measurements from l/lO of an inch to one inch classes* If auto­
matic data processing equipment is used, tenth inch diameter classes can 
easily be handled. 
As the amount of data gathered increases with additional plots and 
remeasurements, an attempt to modify one of the existing data processing 
programs or to construct one to fit the methods of analysis used,should 
be made* This will greatly increase the accuracy and efficiency of anal­
ysis* 
Information on the accuracy of the instruments used make the various 
measurements on a plot sketchy* A study on their accuracy under various 
conditions would greatly aid forestry* 
An analysis of the cost of establishing the permanent sample plots 
and analyzing the data should be made before trying to "sell" the method 
to forest products industries* If the cost is low and the advantages and 
returns high, then the plots could be used* 
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Cubic volume tables used in the analysis of data were expanded 
from those commonly used to determine cubic volume in Western Montana. 
The lodgepole pine cubic volume table was expanded to one foot 
height classes by graphing the original table -"Standard volume tables 
for lodgepole pine in Alberta" by A.W. Blyth (1955). 
The ponderosa pine cubic volume table was expanded to one inch 
diameter classes and one foot height classes by graphing the original 
table - "Yield of even-aged stands of ponderosa pine" by W.H. Meyer 
(1938). 
Western larch. Western hemlock, lowland white fir, and Douglas 
fir cubic volume tables were expanded to one foot height clas§es by 
straight line interpolation between the values given for each ten foot 
height class. The original tables were published in "Second growth 
yield, stand, and volume tables for the Western white pine type" by 
I.T. Haig (1932). 
Use 
The following tables are to be used with the following speciesr 
Table No. 1 - Lowland white fir White fir (31) 
Alpine fir (36) 
Englemann spruce (41) 
Table No. 2 - Lodgepole pine Lodgepole pine (15) 
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Table No. 3 - Douglas fir 
Table No. 4 - Western larch 
Table No. 5 - Ponderosa pine 
The volume of hardwoods will be determined 
cubic or board feet. 
Douglas fir (01) 
Western laroh (55) 
Ponderosa pine (ll) 
in basal area only, not in 
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TABLE 1 
CUBIC FOOT VOLUME TABLE FOR SECOND GROWTH LOWLAND WHITE FIR 
Height 
DBH 10 11 12 13 14 15 16 17 18 19 
1 0.03 0.03 0.04 0.04 0.04 0.05 0.05 0.05 0.05 0.06 
2 .12 .13 .14 .15 .16 .17 .18 .19 .20 .21 
3 .25 .27 .29 .32 .34 .36 .38 .40 .43 .45 
DBH 20 21 22 23 24 25 26 27 ,28 29 
2 .22 .23 .24 .25 .26 .27 .28 .29 .30 .31 
3 .47 .49 .51 .54 .56 .58 .60 .62 .65 .67 
4 .84 .88 .92 .95 .99 1.03 1.07 1.11 1.14 1.18 
5 1.32 1.38 1.43 1.49 1.54 1.60 1.65 1.71 1.76 1.82 
DBH 30 31 32 33 34 35, 36 37 38 39 
2 .32 .33 .34 .35 .36 .37 . 38 .39 .40 .41 
3 .69 .71 .73 .76 .78 .80 .82 .84 .86 .89 
4 1.22 1.26 1.30 1.35 1.39 1.43 1.48 1.51 1.56 1.59 
5 1.87 1.94 2.00 2.07 2.13 2.20 2.26 2.32 2.40 2.46 
6 2.70 2.80 2.89 2.98 3.06 3.15 3.24 3.33 3.42 3.51 
7 4.00 4.10 4.20 4.30 4.40 4.50 4.60 4.70 4.80 4.90 
8 5.00 5.10 5.20 5.30 5.40 5.50 5.60 5.70 5.80 5.90 
9 6.00 6.20 6.40 6.60 6.80 7.00 7.20 7.40 7.60 7.80 
DBH 40 41 42 43 44 45 46 47 48 49 
4 1.64 1.68 1.71 1.75 1.78 1.82 1.86 1.89 1.93 1.96 
5 2.52 2.58 2.64 2.69 2.75 2.81 2.87 2.93 2.98 3.04 
6 3.60 3.68 3.76 3.84 3.92 4.00 4.08 4.16 4.24 4.32 
7 5.00 5.10 5. 20 5.30 5.40 5.50 5.60 5.70 5.80 5.90 
8 6.00 6.20 6.40 6.60 6.80 7.00 7.20 7.40 7.60 7.80 
9 8.00 8.20 8.40 8.60 8.80 9.00 9.20 9.40 9.60 9.80 




DBH 50 51 52 53 54 55 56 57 58 59 
4 2.00 2.04 2.08 2.12 2.16 2.20 2.24 2.28 2.32 2.36 
5 3.10 3.17 3.24 3.31 3.38 3.45 3.62 8.59 3.66 3.73 
6 4.40 4.49 4.58 4.67 4.76 4.85 4.94 5.03 5.12 5.21 
7 6.00 6.10 6.20 6.30 6.40 6.50 6.60 6.70 6.80 6.90 
8 8.00 8.10 8.20 8.30 8.40 8.50 8.60 8.70 8.80 8.90 
9 10.00 10.20 10.40 10.60 10.80 11.00 11.20 11.40 11.60 11.80 
10 12.00 12.20 12.40 12.60 12.80 13.00 13.20 13.40 13.60 13.80 
11 14.00 14.30 14.60 14.90 15.20 15.50 15.80 16.10 16.40 16.70 
DBH 60 61 62 63 64 65 66 67 68 69 
6 5.30 5.37 5.44 5.51 5.58 5.65 5.72 5.79 ' 5.86 5.93 
7 7.00 7.10 7.20 7.30 7.40 7.50 7.60 7.70 7.80 7.90 
8 9.00 9.10 9.20 9.30 9.40 9.50 9.60 9.70 9.80 9.90 
9 12.00 12.10 12.20 12.30 12.40 12.50 12.60 12.70 12.80 12.90 
10 14.00 14.20 14.40 14.60 14.80 15.00 15.20 15.40 15.60 15.80 
11 17.00 17.20 17.40 17.60 17.80 18.00 18.20 18.40 18.60 18.80 
12 20.00 20.30 20.60 20.90 21.20 21.50 21.80 22.10 22.40 22.70 
13 23.00 23.40 23.80 24.20 24.60 25.00 25.40 25.80 26.20 26.60 
14 27.00 27.40 27.80 28.20 28.60 29.00 29.40 29.80 30.20 30.60 
15 31.00 31.50 32.00 32.50 33.00 33.50 34.00 34.50 35.00 35.50 
DBH 70 71 72 73 74 75 76 77 78 79 
6 6.00 6.10 6.20 6.30 6.40 6.50 6.60 6.70 6.80 6.90 
7 8.00 - 8.19- 8.20 8.30 8.40 8.50 8.60 8.70 8.80 8.90 
8 10.00 10.20 10.40 10.60 10.80 11.00 11.20 11.40 11.60 11.80 
9 13.00 13.20 13.40 13.60 13.80 14.00 14.20 14.40 14.60 14.80 
10 16.00 16.20 16.40 16.60 16.80 17.00 17.20 17.40 17.60 17.80 
11 19.00 19.30 19.60 19.90 20.20 20^50 20.80 21.10 21.40 21.70 
12 23.00 23.30 23.60 23.90 24.20 24.50 24.80 25.10 25.40 25.70 
13 27.00 27.40 27.80 28.20 28.60 29.00 29.40 29.80 30.20 30.60 
14 31.00 31.40 31.80 32.20 32.60 33.00 33.40 33.80 34.20 34.60 
15 36.00 36.50 37.00 37.50 38.00 38.50 39.00 39. 56 40.00 40.50 
16 41.00 41.60 42.20 42.80 43.40 44.00 44.60 45.20 45.80 46.40 
17 46.00 46.70 47.40 48.10 48.80 49.50 50.20 50.90 51.60 52.30 




DBH 80 81 82 83 84 85 86 87 88 89 
6 7.00 7.10 7.20 7.30 7.40 7.50 7.60 7.70 7.80 7.90 
7 9.00 9.10 9.20 9.30 9.40 9.50 9.60 9.70 9.80 9.90 
8 12.00 12.20 12.40 12.60 12.80 13.00 13.20 13.40 13.60 13.80 
9 15.00 15.20 15.40 15.60 15.80 16.00 16.20 16.40 l8. 60 16.80 
10 18.00 18.30 18.60 18.90 19.20 19.50 id. 80 2$. 10 20.40 20.70 
11 22.00 22.30 22.60 22.90 23.20 23.50 23.80 24.10 24.40 24.70 
12 26.00 26.40 26.80 27.20 27.60 28.00 28.40 28.80 29.20 29.60 
13 31.00 31.30 31.60 31.90 32.20 32.50 32.80 33.10 33.40 33.70 
14 35.00 35.50 36.00 36.50 37.00 37.50 38.00 38.50 39.00 39.50 
15 41.00 41.50 42.00 42.50 43.00 43. SO ^8.00 44.50 45.06 45.50 
16 47.00 47.50 48.00 48.50 49.00 49.50 90.00 50.50 51.00 51.50 
17 53.00 53.60 54.20 54.80 55.40 56.00 56.60 57.20 57.80 58.40 
18 59.00 59.70 60.40 61.10 61.80 62.50 63.20 63.90 64.60 65.30 
DBH 90 91 92 93 94 95 96 97 98 99 
8 14.00 14.10 14.20 14.30 14.40 14.50 14.60 14.70 14.80 14.90 
9 17.00 17.20 17.40 17.60 17.80 18.00 18.20 18.40 18.60 18.80 
10 21.00 21.20 21.40 21.60 21.80 22.00 22.20 22.40 22.60 22.80 
11 25.00 25.30 25.60 25.90 26.20 26.50 26.80 27.10 27.40 27.70 
12 30.00 30.30 30.60 30.90 31.20 31.50 31.80 32.10 32.40 32.70 
13 34.00 34.40 34.80 35.20 35.60 36.00 36.40 36.80 37.20 37.60 
14 40.00 40.40 40.80 41.20 41.60 42.00 42.40 42.80 43.20 43.60 
15 46.00 46.50 47.00 47.50 48.00 48.50 49.00 49.50 50.00 50.50 
16 52.00 52.60 53.20 53.80 54.40 55.00 55.60 57.20 57.80 58.40 
17 59.00 59.70 60.40 61.10 61.80 6 2. JO 63S20 63.90 64.60 65.30 
18 66.00 66.80 67.60 68.40 69.20 70.00 70.80 71.60 72.40 73.20 
19 74.00 74.80 75.60 76.40 77.20 78.00 78.80 79.60 80.40 81.20 
20 81.00 81.90 82.80 83^70 84.60 85.50 86.40 87.30 88*20 89.10 
21 89.00 90.00 91.00 92.00 93.00 94.00 95.00 96.00 97.00 98.00 
22 97.00 98.10 99.20 100.30 101.40 102.50 103.60 104.70 105.80 106.90 
23 106.00 107.10 108.20 109.30 110.40 111.50 112.60 113.70 114.80 115.90 
24 113.00 114.20 115.40 116.60 117.80 119.00 120.20 121.40 122.60 123.80 
25 121.00 122.30 123.60 124.90 126.20 127.50 128.80 130.10 131.40 132.70 
TABLE 1.—Continued 
Height 
DBH 100 101 102 103 104 105 106 107 108 109 
8 15.00 15.20 15.40 15.60 15.80 16.00 16.20 16.40 16.60 16.80 
9 19,00 19,20 19.40 19.60 19-80 20.00 20.20 20.40 20.60 20.80 
10 23.00 23.20 23.40 23,60 23,80 24.00 24.20 24.40 24.60 24.80 
11 28.00 28.30 28.60 28,90 29,20 29.50 29.80 30.10 30.40 40.70 
12 33.00 33.30 33.60 33.90 34.20 34.50 34.80 35,10 35.40 35.70 
13 38,00 38.40 38,80 39,20 39.60 40,00 40.40 40.80 41.20 41.60 
14 44,00 44.50 45,00 45,50 46.00 46.50 47.00 47.50 48.00 48.50 
15 51,00 51.60 52.20 52,80 53.40 54.0p 54.69 55.20 55.80 56.40 
16 58,00 58.60 59,20 59,80 60.40 61.00 61.60 62.20 62.80 63.40 
17 66,00 66.60 67.20 67.80 68.40 69.00 69.60 70.20 70.80 71.40 
18 74,00 74.70 75,40 76.10 76.80 77.50 78.20 78.90 79.60 80.30 
19 82.00 82.80 83.60 84.40 85.20 86.00 86.80 87.60 88.40 89.20 
20 90,00 90,90 91.80 92.70 93.60 94.50 95.40 96.30 97.20 98.10 
21 99,00 99,90 100.80 101,70 102.60 103.50 104.40 105.30 106.20 107.10 
22 108,00 108.90 109*80 110.70 111.60 112.50 113.40 114.30 115.20 116.10 
23 117.00 118,00 119.00 120.00 121.06 122.00 123.00 124.00 125,00 126,00 
24 125.00 126.20 127.40 128.60 129.80 131.00 132.20 133.40 134.60 135.80 
25 134.00 136.30 136.60 137.90 139.26 140.50 141.80 143.10 144.40 145.70 
DBH 110 111 112 113 114 115 116 117 118 119 
13 42.00 42.40 42.80 43.20 43.60 
14 49,00 49.50 50.00 80,60 51.00 
15 56.00 56.60 57.20 57.80 58.40 
16 64.00 64.60 65.20 65.80 66.40 
17 72,00 72.70 73.40 74.10 74.80 
18 81,00 81.70 82.40 83.10 83.80 
19 90,00 90.70 91.40 92.10 92.80 
20 99,00 99.80 100.60 101.40 102.20 
21 108.00 108.90 109.80 110.70 111.60 
22 117.00 117.90 118.80 119.70 120.60 
23 127.00 128.00 129,00 130.00 131.00 
24 137.00 138.10 139.20 140.30 141.40 
25 147,00 148.20 149.40 150,60 151.80 
26 158.00 159.20 160.40 161.60 162.80 
27 168.00 169.40 170.80 172.20 173.60 
"28 179.00 180.60 182.20 183.80 185.40 
29 190.00 191.70 103.40 195.10 196.80 
30 202,00 203.70 205.40 207.10 208.80 
44.00 44.40 44,80 45.20 45.60 
51.50 52.00 52,50 53,00 53.50 
59.00 59.60 60.20 60.80 61.40 
67.00 67.60 68.20 68,80 69,40 
75.50 76.20 76.90 77.60 78.30 
84.50 85,20 85.90 86,60 87,30 
93.50 94.20 94.90 95.60 96.30 
103.00 103,80 104,60 105,40 106,20 
112.50 113,40 114.30 115.20 116.10 
121.50 122.40 123.30 124.20 125.10 
132.00 133.00 134.00 135.00 136,00 
142.50 143.60 144.70 145.80 146.90 
153.00 154.20 155.40 156.60 157.80 
164.00 165.20 166.40 167.80 168.80 
175.00 176.40 177.80 179.20 180.60 
187.00 188.60 190.20 191.80 193.40 
198.50 200.20 201.90 203.60 205.30 
210.50 212.20 213.90 215.60 217.30 
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TABLE 2 
STANDAED CUBIC VOLUME TABLES FOE LODGEPOLE PINE IN ALBEETA 
HEIGHT 
DBH 10 11 12 13 14 15 16 
« 
17 18 19 
1 0.03 0.03 0.03 0.03 0.03 0.04 0.04 0.04 0.04 0.05 
2 .13 .14 .15 .16 .17 .18 .19 .20 .21 .22 
3 .25 .27 .30 .32 .34 .36 . 39 .41 .44 .46 
4 .49 .51 .57 .60 .65 .70 .72 .76 .80 .84 
DBH 20 21 22 23 24 25 26 27 28 29 
1 .05 •05 .05 .06 .06 *06 .07 .07 .07 .08 
2 .23 .24 .25 .26 .27 .28 .29 ,30 .31 .32 
3 .48 .50 .53 .66 .58 .60 .63 .65 .68 .70 
4 .89 .91 .95 1.00 1.04 1.08 1.11 1.15 1.19 1.22 
5 1.45 1.50 1.60 1.64 1.70 1.76 1.81 1.88 1.93 2.00 
6 2.13 2.25 2.30 2.40 2.50 2.58 2.68 2.75 2.83 2.91 
7 2.92 3.05 3.18 3.30 3.40 3.50 3.62 3.78 3.89 3.40 
DBH 30 31 32 33 34 35 36 37 38 39 
1 .08 .06 .09 .09 .09 .10 .10 .10 .11 .11 
2 .33 .34 .36 .36 .37 .38 .39 .40 .42 .43 
3 .72 .74 .78 .80 .82 .84 .87 .90 .92 .94 
4 1.28 2.30 1.35 1.40 1.44 1.48 1.50 1.54 1.59 1.62 
5 2.04 2.10 2.16 2.22 2.28 2.34 2.40 2.46 2. 52 2.58 
6 2.98 3.06 3.15 3.23 3.32 3.40 3.49 3.57 3.65 3.74 
7 4.12 4.24 4.36 4.48 4.60 4.72 4.84 4.96 5.08 5.20 
8 5.43 5.60 5.75 5.91 6.08 6.22 6.40 6.55 6.70 6.87 
9 6.87 7.05 7.30 7.50 7.70 7.90 8.10 8.30 8.50 8.70 
DBH 40 41 42 43 44 46 46 47 48 49 
3 .97 .99 1.01 1.04 1.06 1.09 1.15 1.14 1.16 1.19 
4 1.68 1.70 1.74 1.78 1.82 1.86 1.90 1.94 1.98 2.02 
5 2.63 2.70 2.76 2.83 2.88 2.95 3.00 3.06 3.12 3.18 
6 3.82 3.92 4.02 4.10 4.20 4.28 4.36 4.44 4.52 4.60 
7 5.31 5.42 5.50 5.60 5.78 5.90 6.04 6.15 6.26 6.38 




DBH 50 51 52 53 54 55 56 57 58 59 
4 2.08 2.10 2.15 2.19 2.22 2.27 2.30 2.34 2.39 2.41 
5 3.23 3.80 3.35 3.41 3.48 3.53 3.60 3.65 3.71 3.78 
6 4.70 4.78 4.87 4.94 5.03 5.12 5.20 5.29 5.38 5.47 
7 6.50 6.60 6.71 6.85 6.99 7.10 7.21 7.35 7.48 7.60 
8 8.63 8.80 8.98 9.12 9.30 9.46 9.62 9.80 9.95 10.10 
9 10.90 11.20 11.40 11.60 11.80 12.00 12.20 12.40 12.60 12.80 
10 13.40 13.60 14.00 14.20 14.40 14.60 15.00 15.30 15.50 15.70 
11 16.00 16.30 16.60 16.90 17.20 17.50 17.80 18.10 18.40 18.80 
12 18.70 19.00 19.40 19.70 20.20 20.40 20.60 21.10 21.50 21.70 
13 21.70 22.10 22.50 22.90 23.30 23.60 24.00 24.40 24.80 25.30 
14 25.00 25.50 26.00 26.40 26.70 27.20 27.60 28.00 28.50 28.50 
15 28.00 29.40 29.80 30.40 30.70 31.20 31.70 32.20 32.60 33.10 
DBH 60 61 62 63 64 65 66 67 68 69 
6 5.55 5.61 5.70 5.79 5.88 5.97 6.05 6.12 6.21 6.30 
7 7.71 7.82 7.95 8.08 8.20 8.32 8.44 8.57 8.68 8.80 
8 10.30 10.40 10.50 10.70 10.90 11.00 11.20 11.40 11.50 11.70 
9 13.00 13.20 13.40 13.60 13.80 14.00 14.20 14.40 14.60 14.80 
10 16.90 16.30 16.50 16.70 16.90 17.20 17.50 17.60 18.00 18.30 
11 19.00 19.30 19.60 20.00 20.30 20.60 20.90 21.20 21.50 21.70 
12 22.20 22.50 22.80 23.30 23.60 23.90 24.30 24.60 25.00 25.30 
13 25.60 26.00 26.40 26.70 27.20 27.50 27.90 28.40 28.70 29.10 
14 29.30 29.70 30.20 30.60 31.00 31.50 31.90 32.40 32.60 33.10 
15 33.50 34.00 34.50 35.00 35.50 36.00 36.50 37.00 37.40 37.80 
16 38.40 38.90 39.40 40.00 40.40 40.90 41.50 42.00 42.50 43.00 
17 44.10 44.70 45.20 45.70 46.30 46.80 47.50 47.90 48.50 49.00 
18 50.60 51.20 51.70 52.30 52.80 53.40 54.00 64.50 55.10 55.60 
DBH 70 71 72 73 74 75 76 77 78 79 
8 11.90 12.00 12.20 12.30 12.50 12.70 12.80 13.00 13.20 13.30 
9 15.10 15.20 15.40 15.70 15.90 16.10 16.20 16.40 16.70 16.80 
io 18.50 18.70 19.00 19.30 19.50 19.70 20.00 20.30 20.50 20.70 
11 22.00 22.30 22.60 23.00 23.30 23.50 23.70 24.10 24.40 24.70 
12 25.60 26.00 26.40 26.60 27.00 27.50 27.70 28.10 28.50, 28.80 
13 29.50 29.80 30.30 30.60 31.00 31.50 31.80 32.30 32.60 33.00 
14 33.60 34.00 34.50 34.90 35.40 35.70 36.20 36.60 37.00 37.50 
15 38.20 38.70 39.20 39.60 40.10 40.50 41.00 41.50 42.00 42.50 
16 43.50 44.00 44.50 45.00 45.60 46.00 46.50 47.00 47.50 48.10 




DBH 70 71 72 73 74 75 76 77 78 79 
18 56.20 56.70 57.30 57.80 58.40 58.90 59.50 60.00 60.60 61.20 
19 63.50 64.10 64.70 65.30 65.80 66.40 66.90 67.50 68.00 68.60 
20 71.50 72.10 72.70 73.30 73.80 74.50 75.00 75.60 76.30 76.80 
DBH 80 81 82 83 84 85 86 87 88 89 
10 21.00 21.40 21.60 21.80 22.10 22.40 22.60 22.80 23.20 23.40 
11 25.00 25.40 25.60 24.80 26.30 26.50 26.80 27.10 27.40 27.80 
12 29.10 29.50 29.90 30.20 3(5. 50 30.90 51.30 31.60 32.00 32.20 
IS 33.40 33.70 34.10 34.50 55.00 35.40 35.70 36.10 36.40 36.90 
14 37.90 38.40 38.7® 39.20 29.60 40.00 40.50 40.90 41.40 41.80 
15 42.90 43.40 43.80 44.30 44.70 45.20 45.60 46.10 46.60 it.oo 
16 48.60 49.10 49.60 50.10 50.60 51.10 51.60 52.10 52.60 53.10 
17 54.80 55.40 55.90 56.40 57.00 57.S0 58 . 00 58.50 59.10 59.60 
18 61.70 62.So 62.80 63.40 63.90 64.50 65.00 65.60 66.10 66.70 
19 69.30 69.80 70.40 71.00 71.50 72.20 72.70 73.30 73.90 74.50 
20 77.40 78.00 78.60 79.20 79.80 80.40 81.00 81.60 82.20 82.80 
DBH 90 91 92 93 94 95 96 97 98 99 
12 32.60 33.00 33.40 33.70 34.10 34.50 34.70 35.20 3 5.-50 35.80 
13 37.30 37.70 38.10 38.40 38.80 59.30 39.60 40.00 40.40 40.70 
14 42.20 42.60 43.00 43.50 43.90 44.40 44.80 45.30 45.70 46.00 
15 47.60 48.00 48.50 49.00 49.50 50.00 50.40 50.80 51.30 51.70 
16 53.60 54.20 54.70 55.20 55.7- 56.20 56.70 57.20 57.70 58.30 
17 60.10 60.70 61.30 61.80 62.30 62.80 63.40 63.90 64.50 65.00 
18 67.30 67.80 68.40 69.00 60.50 70.10 7(3.60 71.20 71.70 72.30 
19 75.00 75.60 76.20 76.80 77.40 77.90 78.50 79.00 79.00 80.30 




























CUBIC FOOT VOLUME TABLE FOE SECOBD GBOWFH DOUGLAS FIE 
Height 
10 11 12 13 14 15 16 17 18 19 
I 
0.01 0.02 0.02 0.03 0.03 0.04 0.04 0.05 0.05 0.06 
.09 .11 .12 .14 .15 ..17 , .18 ,20. .21 .23 
20 21 22 23 24 25 26 27 28 29 
.06 .06 .07 .07 .07 .08 .08 .08 .08 .09 
.24 .25 .26 .26 .27 .28 .29 .30 .30 .31 
.48 .50 .51 .52 .54 .54 .54 .55 . 56 .57 
.80 .84 .87 .91 .94 .98 1.01 1.05 1.08 1.12 
1.20 1.26 1.31 1.37 1.42 1.48 1.53 1.59 1.64 1.70 
















































































DBH 50 51 52 53 54 55 56 57 58 59 
4 1.88 1.91 1.94 1.98 2.01 2.04 2.07 2.10 2.14 2.17 
5 2.82 2. 88 2.94 2.99 3.05 3.11 3.17 3.23 3.28 3.34 
6 4.00 4.08 4.16 4.24 4.34 4.40 4.48 4.56 4.64 4.72 
7 5.40 5.50 5.60 5.70 5.80 5.90 6.00 6.10 6.20 6.30 
8 7.00 7.10 7.20 7.30 7.40 7.50 7.60 7.70 7.80 7.90 
9 9.00 9.10 9.20 9.30 9.40 9.50 9.60 9.70 9.80 9.90 
10 11.00 11.20 11.40 11.60 11.80 12.00 12.20 12.40 12.60 12.80 
11 13.00 13.20 13.40 13.60 13.80 14.00 14.20 14.40 14.60 14.80 
12 15.00 15.30 15.60 15.90 16.20 16.50 16.80 17.10 17.40 17.70 
13 17.00 17.30 17.60 17.90 18.20 18.50 18.80 19.10 19.40 19.70 
14 20.00 20.40 20.80 21.20 21.60 22.00 22.40 22.80 23.20 23.60 
15 22.00 22.50 23.00 23.50 24.00 24.50 25.00 25.50 26.00 26.50 
DBH 60 61 62 63 64 65 66 67 68 69 
4 2.20 2.24 2.28 2.32 2.36 2.50 2.44 2.48 2.52 2.56 
5 3.40 3.46 3. 52 3.58 3.64 3.70 3.76 3.82 3.88 3.94 
6 4.80 4.88 4.96 5.04 5.12 5.20 5.28 5.36 5.44 5.52 
7 6.40 6.50 6.60 6.70 6.80 6.90 7.00 7.10 7.20 7.30 
8 8.00 8.20 8.40 8.60 8.80 9.00 9.20 9.40 9.60 9.80 
9 10.00 10.20 10.40 10.60 10.80 11.00 11.20 11.40 11.60 11.80 
10 13.00 13.20 13.40 13.60 13.80 14.00 14.20 14.40 14.60 14.80 
11 15.00 15.20 15.40 15.60 15.80 16.00 16.20 16.40 16.60 16.80 
12 18.00 18.20 18.40 18.60 18.80 19.00 19.20 19.40 19.60 19.80 
13 20.00 20.40 20.80 21.20 21.60 22.00 22.40 22.80 23.20 23.60 
14 24.00 24.30 24.60 24.90 25.20 25.50 25.80 26.10 26.40 26.70 
15 27.00 27.40 27.80 28.20 28.60 29.00 29.40 29.80 30.20 50*60 
16 30.00 30.50 31.00 31.50 32.00 32.50 33.00 33.50 34.00 34.50 
DBH 70 71 72 73 74 76 76 77 78 79 
6 5.60 5.64 6.68 5.72 5.76 5.80 5.84 5.88 5.92 5.96 
7 7.40 7.46 7.52 7.58 7.64 7.70 7.76 7.82 7.88 7.94 
8 10.00 10.10 10.20 10.30 10.40 10.50 10.60 10.70 10.80 10.90 
9 12.00 12.20 12.40 12.60 12.80 13.00 13.20 13.40 13.60 13.80 
10 15.00 15.10 15.20 15.30 15.40 15.50 15.60 15.70 15.80 15.90 
11 17.00 17.30 17.60 17.90 18.20 18.50 18.80 19.10 19.40 19.70 
12 20.00 20.30 20.60 20.90 21.20 21.50 21.80 22.10 22.40 22.70 
13 24.00 24.30 24.60 24.90 25.20 25.50 25.80 26.10 26.40 26.70 
14 27.00 27.30 27.60 27.90 28.20 28.50 28.80 29.10 29.40 29.70 




DBH 70 71 72 73 74 75 76 77 78 79 
16 35.00 35.40 35.80 36.20 36.60 37.00 37.40 37.80 38.20 38. 60 
17 39.00 39.50 40.00 40.50 41.00 41.50 42.00 42.50 43.00 43.50 
18 43.00 43.60 44.20 44.80 45.40 46.00 46.60 47.20 47.80 48.40 
DBH 80 81 82 83 84 85 86 87 88 89 
6 6.00 6.10 6.20 6.30 6.40 6.50 6.60 6,70 6.80 6.90 
7 8.00 8.10 8.20 8.30 8.40 8.50 8.60 8.70 8.80 8.90 
8 11.00 11.10 11.20 11.30 11.40 11.50 11.60 11.70 11.80 11.90 
9 14.00 14.10 14.20 14.30 14*40 14.50 14.60 14.80 14*80 14*90 
10 16.00 16.20 16.40 16.60 16.80 17.00 17.20 17,40 17.60 17.80 
11 20.00 20.20 20.40 20.60 20.80 21.00 21.20 21.40 21.80 21,80 
12 23.00 23.30 23.60 23,90 24.20 24.50 24.80 25.10 25.40 25.70 
13 27.00 27.30 27. 60 27.90 28.20 28.50 28.80 29.10 29.40 29.70 
14 30.00 30.40 30.80 31.20 31.60 32.00 32.40 32.80 33.20 33.60 
15 35.00 35.40 35.80 36.20 36.60 37.00 37.40 37.80 38.20 38.60 
16 39.00 39.50 40.00 40.60 41.00 41.50 42.00 42.50 43.00 43.50 
17 44.00 44.50 45.00 45.50 46,00 46.50 47.00 47.50 48,00 48.50 
18 49.00 49.50 50.00 50.50 51.00 51.50 52.00 52.50 53.00 53.50 
19 54.00 54.60 55.20 55.80 56.40 57.00 57.60 58.20 58.80 69.40 
20 59.00 59.70 60.40 61.10 61.80 62.50 63.20 63.90 64*60 65.30 
21 64.00 64.80 65.60 66.40 67.20 68.00 68.80 49.60 70.40 71.20 
22 70.00 70.80 71.60 62.40 63.20 74.00 64.80 75.60 76.40 77.20 
23 76.00 76.90 77,80 78.60 79.60 80.50 81.40 82.30 83.20 84.10 
24 82.00 82.90 83.80 84.70 85.60 86.50 87.40 88.30 89.20 90.10 
25 88.00 89.10 90.20 91.30 92.40 93.50 94.60 95.70 96.80 97.90 
26 95.00 96.10 96.20 98.30 99.40 100.50 101.60 102.30 103.80 104.90 
27 102.00 103.20 104.40 105.60 106.80 108.00 109.20 110.40 111.60 112.80 
28 110.00 111.20 112.40 113.60 114.80 116.00 117.20 118.40 119.60 120.80 
DBH 90 91 92 93 94 95 96 97 98 99 
8 12.00 12.10 12.20, 12,30. 12.40 -.12.50 12.60 12.70 12.80 12*90 
9 15.00 15.20 15.40 15.60 15.80 16.00 16.20 16.40 16.60 16.80 
10 18.00 18.20 18.40 18.60 18.80 19.00 19.20 19.40 19.60 19.80 
11 20.00 20.20 20.40 20.60 20.80 21.00 21.20 21.40 21.60 21*80 
12 26.00 26.20 26.40 26.60 26.80 27,00 27.20 27.40 27.60 27.80 
13 30.00 30.30 30.60 30.90 31.20 31.50 31.80 32.10 32.50 32.70 
14 34.00 34.40 34.80 35.20 35.60 36.00 36.40 36.80 36.20 37.60 




DBH 90 91 92 93 94 95 96 97 98 99 
16 44.00 44.40 44.80 45.20 45.60 
17 49.00 49.50 50.00 50.50 51.00 
18 54.00 54.60 55.20 55.80 56.40 
19 60.00 60.60 61.20 61.80 62.40 
20 66.00 66.60 67.20 67.80 68.40 
21 72.00 72.70 73.40 74.10 74.80 
22 78.00 78.80 79.60 80.40 81.20 
23 85.00 85.90 86.80 87.70 88.60 
24 91.00 92.00 93.00 94.00 95.00 
25 99.00 100.10 101.20 102.30 103.40 
26 106.00 108.20 108.40 109.60 110.80 
27 114.00 115.20 116.40 117.50 118.60 
28 122.00 123.30 124.60 125.90 127.20 
29 130.00 131.40 132.80 134.20 135.60 
30 138.00 139.60 141.20 142.80 144.40 
46.00 46.40 46.80 47.20 47.60 
51.50 52.00 52.50 53.00 53.50 
57.00 57.60 58.20 58.80 58.40 
63.00 63.60 64.20 64.80 65.40 
69.00 69.60 70.20 70.80 71.40 
75.50 76.20 76.90 77.60 77.30 
82.00 82.80 83.60 84.40 85.20 
89.50 90.40 91.30 92.20 93.10 
96.00 97.00 98.00 99.00 100.00 
104.50 105.60 106.70 107.80 108.90 
112.00 113.20 114.40 115.60 116.80 
119.80 121.00 122.20 123.40 124.60 
128.50 129.80 131.10 132.40 133.70 
137.00 138.40 139.80 141.20 142.60 
146.00 147.60 149.20 150.80 152.40 
DBH 100 101 102 103 104 105 106 107 108 109 
8 13.00 13.20 13.40 13.60 13.80 
9 17.00 17.10 17.20 17.30 17.40 
10 20.00 20.20 20.40 20.60 20.80 
11 24.00 24.40 24.40 24. 6b 24.80 
12 28.00 28.30 28.60 28.90 29.20 
13 33.00 33 . 20 33.40 33.fi0 33.80 
14 38.00 38.30 38.60 38.90 39.20 
15 43.00 43.30 43.60 43.90 44.20 
16 48.00 48.40 48.80 49.20 49.60 
17 54.00 54.40 54.80 55.20 55.60 
18 60.00 60.50 61.00 61.50 62.00 
19 66.00 66.60 67.20 67.80 68.40 
20 72.00 72.70 73.40 74.10 74.80 
21 79.00 79.60 80.40 81.10 81.80 
22 86.00 86.80 87.60 88.40 89.20 
23 94.00 94.90 95.80 96.70 97.60 
24 101.00 102.00 103.00 104.00 105.00 
25 110.00 111.00 112.00 113.00 114.00 
26 118.00 119.10 120.20 121.30 122.40 
27 126.00 127.20 128.40 129.60 130.80 
28 135.00 136.30 137.60 138.90 140.20 
29 144.00 145.40 146.80 148.20 149.60 
30 154.00 155.40 156.80 168.20 159.60 
31 164.00 165.50 167.00 168.50 170.00 
32 174.00 175.50 177.00 178.50 180.00 
14.00 14.20 14.40 14.60 14.80 
17.50 17.60 17.70 17.80 17.90 
21.OQ 21.20 21.40 21.60 21.80 
25.00 25.20 25.40 25.60 25.80 
29.50 29.80 30.10 30.40 30.70 
34.00 34.20 34.40 34.60 34.80 
39.50 39.80 40.10 40.40 40.70 
44.50 44.80 45.10 45.40 45.70 
50.00 50.40 50.80 51.20 51.60 
56.00 56.40 56.80 57.20 57.60 
62.50 63.00 63.50 64.00 64.50 
69.00 69.60 70.20 70.80 70.40 
75.50 76.20 76.90 77.60 78.30 
82.50 83.20 83.90 84.60 85.30 
90.00 90,80 91.60 92.40 93.20 
98.50 99.40 100.30 101.20 102.10 
106.00 107.00 108.00 109.00 110.00 
115.00 116.00 117.00 118.00 119.00 
123.50 124.60 125.70 126^80 127.90 
132.00 133.20 134.40 135.60 136.80 
141.50 142.80 144.10 145.40 146.70 
151.00 152.40 153.80 155.20 156.60 
161.00 162.40 163.80 165.20 166.60 
17.150 173.00 174.50 176.00 177.50 




DBH 110 111 112 118 114 115 116 117 118 119 
11 26.00 26.20 26.40 26.60 26.80 27.00 27.20 27.40 27.60 27.80 
12 31.00 31.20 31.40 31.60 31*80 32.00 32.20 32.40 32.60 32.80 
13 35.00 35.30 35.60 35.90 36.20 26.50 26.80 27.10 27.40 37.70 
14 41.00 41.40 41.80 42.20 42.&0 43.00 43.40 43.80 44.20 44.60 
15 46.00 46.40 46.80 47.20 47.60 48.00 48.40 49.80 49.20 49.60 
16 52.00 52.50 53.00 58.50 54.00 54.50 55.00 55.50 56.00 56.50 
17 58.00 58.50 59.00 59.50 60.00 60.50 61.00 61.50 62.00 62.50 
18 65.00 65.60 66.20 66.80 67,40 68.00 68.60 69.20 69.80 70.40 
19 72.00 72.60 63.20 63.80 74.40 75.00 75.60 76.20 76.80 77.40 
20 79.00 79.70 80.40 81.10 81.80 82.50 83.20 83.90 84.60 85.30 
21 86.00 86.80 87.60 88.40 89.20 90.00 90.80 91.60 92.40 93.20 
22 94.00 94.80 95.60 96.40 97.20 98.00 98.80 99.60 100.40 101.20 
23 108.00 103.90 104.80 105.70 106.60 107.50 108.40 109.30 110.20 lLUUO 
24 111.00 112.00 113.00 114.00 115.00 116.00 117.00 118.00 119.00 120.00 
25 120.00 121.00 122.00 123.00 124.00 125.00 126.00 127.00 128.00 129.00 
26 129.00 130.10 131.20 132.40 133.40 134.50 135.60 136.70 137.80 138.90 
27 138.00 139*20 140.40 141.60 142.80 144.00 145.20 146.40 147.60 148.80 
28 148.00 149.20 150.40 151.60 152.80 154.00 155.20 156.40 157.60 158.80 
29 158.00 159.80 160.60 161.90 163.20 164.50 165.80 167.10 168.40 169.70 
30 168.00 169.40 170.80 172.20 173.60 175.00 176.40 177.80 179.20 180.60 
31 179.00 180.40 181.80 183.20 184.60 186.00 187.40 188.80 190.20 191.60 
32 189.00 190.50 192.00 193.50 195.00 196.50 198.00 199.50 201.00 202.50 
81 
TABLE 4 
CUBIC FOOT VOLUME TABLE FOR SECOND GROWTH WESTERN LARCH 
Height 
DBH 10 11 12 13 14 15 16 17 18 19 
1 0.01 0.01 0.01 0.02 0.02 0.02 0.02 0.02 0.03 0.03 
DBH 20 21 22 23 24 25 26 27 28 29 
1 .03 .03 .04 .04 .04 .05 .05 .05 .05 .06 
2 .13 .14 .14 .15 .16 .17 .17 .18 .19 .19 
3 • 35 .36 .38 .39 .40 .42 .43 .44 .45 .47 
4 .60 .63 .66 .69 .73 .76 .79 .82 .86 .89 
DBH 30 31 32 33 34 35 36 37 38 39 
2 .20 .21 .22 .23 .24 .25 .26 .27 .28 .29 
3 .48 .50 .52 .54 .56 .58 .59 .61 .63 .65 
4 .92 .95 .98 1.00 1.03 1.06 1.09 1.12 1.14 1.72 
5 1.51 1.55 1.59 1.63 1.67 1.71 1.74 1.78 1.82 1.86 
DBH 40 41 42 43 44 45 46 47 48 49 
3 .67 .69 .70 .72 .74 .76 .77 .79 .80 .82 
4 1.20 1.23 1.27 1.30 1.34 1.37 1.40 1.44 1.47 1.51 
5 1.90 1.96 2.02 2.07 2.13 2.19 2.25 2.31 2.37 2.42 
6 2.80 2.89 2.96 3,04 3.12 3.20 3.28 3.36 3.44 3.52 
7 3.90 3.99 4.08 4.17 4.26 4.35 4.44 4.53 4.62 4.71 
8 5.00 5.10 5.20 5.30 5.40 5.50 5.60 5.70 5.80 5.90 
9 6.00 6.20 6.40 6.60 6.80 7.00 7.20 7.40 7.60 7.80 
DBH 50 51 52 53 54 55 56 57 
t 
58 59 
4 1.54 1.58 1,61 1.65 1.68 1.72 1.76 1.79 1.83 1.86 
5 2.48 2.53 2.57 2.62 2.66 2.72 2.76 2.81 2.86 2.90 
6 3.60 3.66 3.72 3.78 3.84 3.90 3.96 4.02 4.08 4.14 
7 4.80 4.89 4.98 5.07 5.16 5.25 5.34 5.43 5.52 5.61 
8 6.00 6.20 6.40 6.60 6.80 7.00 7.20 7.40 7.60 7.80 
9 8.00 8.20 8.40 8.60 8.80 9.00 9.20 9.40 9.60 9.80 
10 10.00 10.20 10.40 10.60 10.80 11.00 11.20 11.40 11.60 11.80 




DBH 60 61 62 63 64 66 66 67 68 69 
6 4.20 4.26 4.32 4.38 4.44 4.50 4.56 4.62 4.68 4.74 
7 5.70 5.79 5.88 5.97 6.06 6.15 6.24 6.33 6.42 6.51 
8 8.00 8.10 8.20 8.30 8.40 8.50 8.60 8.70 8.80 8.90 
9 10.00 10.10 10.20 10.30 10.40 10.50 10.60 10.70 10.80 10.90 
10 12.00 12.20 12.40 12.60 12.80 13.00 13.20 13.40 13.60 13.80 
11 14.00 14.20 14.40 14.60 14.80 15.00 15.20 15.40 15.60 15.80 
12 17.00 16.20 17.40 17.60 17.80 18.00 18.20 18.40 18.60 18.80 
13 20.00 20.30 20.60 20.90 21.20 21.50 21.80 22.10 22.40 22.70 
14 22.00 22.40 22.80 23.20 23.60 24.00 24.40 24.80 25.20 25.60 
15 25.00 25.40 25.80 26.20 26.60 27.00 27.40 27.80 28.20 28.60 
DBH 70 71 72 73 74 75 76 77 78 79 
6 4.80 4.87 4.94 5.01 5.08 5.15 5.22 6.29 6.36 6.43 
7 6.60 6.70 6.80 6.90 7.00 7.10 .7.20 7.30 7.40 7.50 
8 9.00 9.10 9.20 9.30 9.40 9.50 9.60 9.70 9.80 9.90 
9 11.00 11.20 11.40 11.60 11.80 12.00 12.20 12.40 12.60 12.80 
10 14.00 14.20 14.40 14.60 14.80 15.00 15.20 15.40 15.60 15.80 
11 16.00 16.30 16.60 16.90 17.20 17.50 17.80 18.10 18.40 18.70 
12 19.00 19.30 19.60 19.90 20.20 20.50 20.80 21.10 21.40 21.70 
13 23.00 23.30 23.60 23.90 24.20 24.50 24.80 25.10 25.40 25.70 
14 26.00 26.30 26.60 26.90 27.20 27.60 27.80 28.10 28.60 28.70 
15 29.00 29.40 29.80 30.20 30.60 31.00 31.40 31.80 32.20 32.60 
16 33.00 33.50 34.00 34.50 35.00 35.50 36.00 36.50 37.00 37.50 
DBH 80 81 82 83 84 85 86 87 88 89 
6 5.50 5.58 5.66 5.74 5.82 5.90 5.98 6.06 6.14 6.22 
7 7.60 7.70 7.80 7.90 8.00 8.10 8.20 8.30 8.40 8.50 
8 10.00 10.10 10.20 10.30 10.40 10.50 10.60 10.70 10.80 10.90 
9 13.00 13.10 13.20 13.30 13.40 13.50 13.60 13.80 13.80 13.90 
10 16.00 16.10 16.20 16.30 16.40 16.50 16.60 16.70 16.80 16.90 
11 19.00 19.20 19.40 19.60 19.80 20.00 20.20 20.40 20.60 20.80 
12 22.00 22.30 22.60 22.90 23.20 23.50 23.80 24.10 24.40 24.70 
13 26.00 26.30 26.60 26.90 27.20 27.50 27.80 28.10 28.40 28.70 
14 29.00 29.40 29.80 30.20 30.60 31.00 31.40 31.80 32.20 32.60 
15 33.00 33.40 33.80 34.20 34.60 35.00 35.40 35.80 36.20 36.60 




DBH 90 91 92 93 94 95 96 97 98 99 
6 6.30 6.39 6.48 6.57 6.66 6.75 6.84 6.93 7.02 7.11 
7 8.60 8.70 8.80 8.90 9.00 9.10 9.20 9.30 9.40 9«50 
8 11*00 11.20 11.40 11.60 11.80 12.00 12.20 12.40 12.60 12.80 
9 14.00 14.20 14.40 14.60 14.80 15.00 15.20 15.40 15.60 15.80 
10 17.00 17.20 17.40 17.60 17.80 18.00 18.20 18.40 18.60 18.80 
11 11.00 11.20 11.40 11.60 11.80 12.00 12.20 12.40 12.60 12.80 
12 25.00 25.20 25.40 25.60 25.80 26.00 26.20 26.40 26.60 26.80 
13 29.00 29.30 29.60 29.90 30.20 30.50 30.80 31.10 31.40 31.70 
14 33.00 33.30 33.60 33.90 34.20 34.50 34.80 34.10 34.40 34.70 
15 37.00 37.40 37. 80 38.20 38.69 39.00 39.40 39.80 40.20 40.60 
16 42.00 42.40 42.80 43.20 43.60 44.00 44.40 44.80 45.20 45.60 
17 46.00 46.60 47.20 47.80 48.40 49.00 49.60 50.20 50*80 51.40 
18 51.00 51.60 52.20 52.80 53.40 54.00 54.60 55.20 55.80 56.40 
19 57.00 57.70 58.40 59.10 59.80 60.50 61.20 61.90 62.60 63.30 
20 63.00 63.70 64.40 65.10 65.80 66.50 67.20 67.90 68.60 69.30 
DBH 100 101 102 103 104 105 106 107 108 109 
7 9.60 9.69 9.78 9.87 9.96 10.05 10.14 10. 25 10.32 10.41 
8 13.00 13.10 13.20 13.30 13.40 13. 60 13.60 13.80 13.80 13.90 
9 16.00 16.20 16.40 16.60 16.80 17.00 17.20 17.40 17.60 17.80 
10 19.00 19.20 19.40 19.60 19.80 20.00 20.20 20.40 20.60 20.80 
11 23.00 23.30 23.60 23.90 24.20 24.50 24.80 25.10 25.40 25.70 
12 27.00 27.30 27.60 27.90 28.20 28.50 28.80 29.10 29.40 29.70 
13 32.00 32.30 32.60 32.90 33. 20 33.60 33. 80 54.10 34.40 34.70 
14 36.00 36.40 36.80 37.20 37.60 38.00 38.40 38.80 39.20 39.60 
15 41.00 41.40 41.80 42.20 42.60 43.00 43.40 43.80 44.20 44.60 
16 46.00 46.40 46.80 47.20 47.60 48.00 48.40 48.80 49.20 49.60 
17 52.00 52.50 53.00 53.60 54.00 54.60 55.00 56.60 66.00 S6«60 
18 67.00 57.60 58.20 58.80 59.40 60.00 60.60 61.20 61.80 62.40 
19 64.00 64.60 65.20 65.80 66.40 67.00 67.60 68.20 68.80 69.40 
20 70.00 70.60 71.20 71.80 72.40 73.00 73.60 74.20 74.80 75.40 
21 76.00 76.70 77.40 78.10 78.80 79.50 80.20 80.90 81.60 82.30 
22 83.00 83.60 84.40 85.10 85.80 86. 50 87.20 87.90 88.60 89.30 
23 90.00 90.70 91.40 92.10 92.80 93.50 94.20 94.90 95.60 96.30 



















































































































































































































































CUBIC FOOT VOLUME TABLE FOE SECOND GROWTH PONDEROSA PINE 
BY TOTAL HEIGHT OF TREES 
Height 
DBH 20 21 22 23 24 25 26 27 28 29 
1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.3 0.3 0.3 
2 .3 .3 .3 •S .4 .4 .4 .4 .5 .5 
3 .5 .5 .6 .6 .6 .7 .7 .7 .7 .8 
4 .8 .8 • 9 .9 1.0 1.0 1.0 1.1 1.1 1.2 
5 1.1 1.2 1.2 1.3 1.3 1.4 1.5 1.5 1.6 1.6 
6 1.7 1.8 1.8 1.9 2.0 2.1 2.1 2.1 2.2 2.2 
DBH 30 31 32 33 34 35 36 37 38 39 
4 1.2 1.2 1.3 1.3 1.3 1.4 1.4 1.4 1.4 1.5 
5 1.7 1.8 1.9 1.9 2.0 2.1 2.3 2.4 2.4 2.5 
6 2.3 2.4 2.4 2.5 2.5 2.6 2.7 2.7 2.8 2.8 
7 3.0 S.l 3.2 3.3 3.4 3.5 3.6 3.7 3.8 3.9 
8 3.7 3.8 3.9 4.1 4.2 4.3 4.4 4.6 4.7 4.8 
9 4.6 4.8 4.9 5.1 5.2 5.4 5.5 5.7 5.8 6.0 
10 5.8 6.0 6.2 6.4 6.6 6.8 6.9 7.1 7.3 7.5 
DBH 40 41 42 43 44 45 46 47 48 49 
4 1.5 1.5 1.6 1.6 1.7 1.7 1.7 1.8 1.8 1.9 
5 2.5 2.5 2.5 2.5 2.5 2.6 2.6 2.6 2.6 2.6 
6 2.9 3.0 3.0 3.1 3.2 3.3 3.3 3.4 3.5 3.5 
7 4.0 4.1 4.1 4.2 4.2 4.3 4.4 4.4 4.5 4.5 
8 4.9 5.0 5.1 5.2 5.3 5.5 5.6 5.7 5.8 5.9 
9 6.1 6.3 6.4 6.« 6.7 6.9 7.0 7.2 7.3 7.5 
10 7.7 7.9 8.1 8.2 8.3 8.6 8.8 9.0 9.1 9.3 
11 8.5 8.8 9.1 9.4 9.7 10.0 10.3 10.6 10.9 11.2 
12 11.0 11.0 12.0 12.0 12.0 13.0 13.0 13.0 13.0 14.0 
IS 13.0 13.0 14.0 14.0 14.0 15.0 15.0 15.0 15.0 16.0 
14 15.0 15.0 16.0 16.0 17.0 17.0 17.0 18.0 18.0 19.0 
15 17.0 18.0 18.0 19.0 20.0 21.0 21.0 22.0 23.0 23.0 
16 20.0 21.0 21.0 22.0 22.0 2S.0 24.0 24.0 25.0 25.0 
17 23.0 24.0 24.0 25.0 26.0 27.0 27.0 28.0 29.0 29.0 
18 26.0 28.0 28.0 29.0 30.0 S1.0 31.0 32.0 33.0 33.0 
19 29.0 30.0 31.0 31.0 32.0 33.0 34.0 35.0 35.0 36.0 




DBH 50 51 52 53 54 55 56 57 58 59 
4 1.9 1.9 2.0 2.0 2.0 2.1 2.1 2.1 2.1 2.2 
5 2.5 2.7 2.7 2.8 2.8 2.8 2.9 2.9 3.0 3.0 
6 3.6 3.7 3.7 3.8 3.8 3.9 4.0 4.0 4.1 4.1 
7 4.6 4.7 4.8 4.9 5.0 5.1 5.2 5.3 5.4 5.5 
8 6.0 6.1 6.2 6.3 6.4 6.6 6.7 6.8 6.9 7.0 
9 7.6 7.7 7.9 8.0 8.2 8.3 8.4 8.6 8.7 8.9 
10 9.5 9.7 9.9 10.1 10.3 10.5 10.7 10.9 11.1 11.3 
11 11.6 11.8 12.0 12.3 12.5 12.8 13.0 13.3 13.5 13.8 
14 19.0 19.0 20.0 20.0 21.0 21.0 21.0 22.0 22.0 23.0 
15 24.0 24.0 25.0 25.0 25.0 26.0 26.0 26.0 26.0 27.0 
16 26.0 27.0 27.0 28.0 28.0 29.0 29.0 30.0 30.0 31.0 
17 30.0 31.0 31.0 32.0 32.0 33.0 33.0 34.0 34.0 35.0 
18 33.0 34.0 34.0 35.0 36.0 37.0 37.0 38.0 39.0 40.0 
19 37.0 38.0 39.0 39.0 40.0 41.0 42.0 43.0 43.0 44.0 
20 41.0 43.0 44.0 45.0 45.0 46.0 46.0 47.0 48.0 49.0 
21 45.0 46.0 47.0 48.0 49.0 50.0 51.0 52.0 53.0 54.0 
22 49.0 50.0 51.0 52.0 53.0 55.0 56.0 57.0 58.0 59.0 
23 54.0 55.0 56.0 57.0 58.0 60.0 61.0 62.0 63.0 64.0 
24 59.0 60.0 61.0 62.0 64.0 65.0 66.0 67.0 69.0 70.0 
25 64.0 65.0 66.0 67.0 68.0 70.0 71.0 72.0 73.0 74.0 
26 70.0 71.0 73.0 74.0 76.0 77.0 77.8 80.0 81.0 83.0 
DBH 60 61 62 63 64 66 66 67 68 69 
6 4.2 4.3 4.3 4.4 4.4 4.5 4.6 4.6 4.7 4.7 
7 5.6 5.7 5.7 5.8 5.8 5.9 6.0 6.0 6.1 6.1 
8 7.1 7.2 7.3 7.5 706 7.7 7.8 7.9 8.1 8.2 
9 9.0 9.1 9.2 9.3 9.4 9.6 9.7 9.8 9.9 10.0 
10 11.5 11.6 11.7 11.8 11.9 12.0 12.1 12.2 12.3 12.4 
11 14.0 14,0 14.0 15.0 15.0 15.0 15.0 15.0 16.0 16.0 
12 17.0 17.3 18.0 18.0 18.0 19.0 19.0 19.0 19.0 20.0 
13 20.0 20.0 21.0 21.0 22.0 22.0 22.0 23 .0 23.0 24.0 
14 23.0 24.0 24.0 25.0 25.0 26.0 26.0 27.0 27.0 28.0 
15 27.0 28.0 28.0 29.0 29.0 30.0 30.0 31.0 31.0 32.0 
16 31.0 32.0 32.0 33.0 33.0 34.0 34.0 35.0 35.0 36.0 
17 35.0 36.0 36.0 37.0 37.0 38.0 39.0 39.0 40.0 40.0 
18 40.0 41.0 41.0 42.0 42.0 43.0 44.0 44.0 45.0 46.0 
19 45.0 46.0 46.0 47.0 47.0 48.0 49.0 49.0 50.0 50.0 
20 50.0 51.0 52.0 52.0 53.0 54.0 55.0 56.0 66.0 57.0 
21 55.0 56.0 57.© 58.0 59.0 60.0 60.0 61.0 62.0 63.0 
22 60.0 61.0 62.0 63.0 64.0 65.0 66.0 67.0 68.0 69.0 
23 65.0 66.0 67.0 69.0 70.0 71.0 72.0 73.0 76.0 76.0 




DBH 60 61 62 63 64 65 66 67 68 69 
25 75.0 *7.0 78.0 80.0 81.0 83.0 85.0 86.0 88.0 90.0 
26 84.0 85.0 87.0 88.0 90.0 91.0 92.0 94.0 95.0 97.0 
27 91.0 93.0 94.0 96.0 97.0 99.0 100.0 102.0 103.0 105.0 
28 98.0 100.0 101.0 103.0 104.0 106 „0 108.0 109.0 111.0 112.0 
29 105.0 167.0 108.0 110.0 112.0 114.0 116.0 117.0 119.0 120.0 
30 112.0 114.0 116.0 117.0 119.0 121.0 124.0 125.0 127.0 128.0 
31 119.0 121.0 123.0 125.0 127.0 129.0 130.0 132.0 134.0 136.0 
32 126.0 128.0 130.0 132.0 134.0 136.0 138.0 140.0 142.0 144.0 
33 134.0 136.0 138.0 141.0 143.0 145.0 147.0 149.0 152.0 154.0 
34 140.0 143.0 145.0 148.0 150.0 153.0 155.0 158.0 160.0 188.0 
DBH 70 71 72 73 74 75 76 77 78 79 
6 4.8 4.9 4.9 5.0 5.1 5.2 5.2 5.3 5.4 5.4 
7 6.2 6.3 6.4 6.5 6.6 6.7 6.8 6.9 7.0 7.1 
8 8.3 8.4 8.5 8.7 8.8 8.9 9.0 9.1 9.3 9.4 
9 10.1 10.2 10.3 10.4 10.5 10.6 10.6 10.7 10.8 10.9 
10 12.5 12.8 13.1 13.4 13.7 14.0 14.3 14.6 14.9 15.2 
11 16.0 16.0 17.0 17.0 17.0 18.0 18.0 18.0 18.0 19.0 
12 20.0 20.0 21.0 21.0 21.0 22.0 22.0 22.0 22.0 23.0 
13 24.0 24.0 25.0 25.0 25.0 26.0 26.0 26.0 26.0 27.0 
14 28.0 28.0 29.0 29.0 30.0 30.0 30.0 31.0 31.0 32.0 
15 32.0 33.0 33.0 34.0 34.0 35.0 35.0 36.0 36.0 37.0 
16 36.0 37.0 37.0 38.0 38.0 39.0 39.0 40.0 40.0 41.0 
17 41.0 42.0 42.0 43.0 43.0 44.0 45.0 45.0 46.0 46.0 
18 46.0 47.0 47.0 48.0 49.0 50.0 50.0 51.0 52.0 52.0 
19 51.0 52.0 53.0 53.0 54.0 55.0 56.0 57.0 57.0 58.0 
20 58.0 59.0 60.0 60.0 61.0 62.0 63.0 64.0 64.0 65.0 
21 64.0 65.0 66.0 66.0 67.0 68.0 69.0 70.0 70.0 71.0 
22 70.0 71.0 72.0 73.0 74.0 75.0 76.0 77.0 78.0 79.0 
23 77.0 78.0 79.0 80.0 81.0 83.0 84.0 85.0 86.0 87.0 
24 83.0 84.0 86.0 87.0 88.0 90.0 91.0 92.0 93.0 95.0 
25 91.0 92.0 94.0 95.0 96.0 98.0 99.0 100.0 101.0 103.0 
26 98.0 99.0 101.0 102.0 104.0 105.0 106.0 108.0 109.0 111.0 
27 114.0 116.0 117.0 119.0 130.0 122.0 124.0 125.0 127.0 128.0 
28 122.0 124.0 125.0 127.0 129.0 131.0 132.0 134.0 136.0 137.0 
29 122.0 124.0 125.0 127.0 129.0 131.0 132.0 134.0 136.0 137.0 
30 130.0 132.0 134.0 135.0 137.0 139.0 141.0 143.0 144.0 146.0 
31 138.0 140.0 142.0 144.0 146.0 148.0 150.0 152.0 154.0 156.0 
32 146.0 148.0 150.0 152.0 154.0 157.0 159.0 161.0 163.0 165.0 
33 156.0 158.0 160.0 162.0 164.0 167.0 169.0 171.0 173.0 175.0 




DBH 80 81 82 83 84 85 86 87 88 89 
8 9.5 9.7 9.8 ,10.0 10.1. 10.3 10.4 10.6 10.7 10.9 
9 11.0 11.3 11.6 11.9 12.2 12.5 12.8 13.1 13.4 13.7 
10 15.5 15.7 15.9 16.1 16.3 16.5 16.7 16.9 17.1 17.3 
11 19.0 19.2 19.4 19.6 19.8 20.0 20.2 20.4 20.6 20.8 
12 23.0 23.0 24.0 24.0 24.0 25.0 25.0 25.0 25.0 26.0 
13 27.0 27.0 28.0 28.0 29.0 29.0 29.0 30.0 30.0 31.0 
14 32.0 32.0 33.0 33.0 34.0 34.0 34.0 35.0 35.0 36.0 
15 37.0 37.0 38.0 38.0 39.0 39.0 39.0 40.0 40.0 41.0 
16 42.0 43.0 43.0 44.0 44.0 45.0 45.0 46.0 46.0 47.0 
17 47.0 48.0 48.0 49.0 49.0 50.0 51.0 51.0 52.0 52.0 
18 53.0 54.0 54.0 55.0 56.0 57.0 57.0 58.0 59.0 59.0 
19 59.0 60.0 61.0 61.0 62.0 63.0 64.0 65.0 66.0 66.0 
20 66.0 67.0 68.0 69.0 69.0 70.0 71.0 62.0 72.0 73.0 
21 72.0 73.0 74.0 75.0 76.0 77.0 78.0 79.0 80.0 81.0 
22 80.0 81.0 82.0 83.0 84.0 85.0 86.0 87.0 88.0 89.0 
23 88.0 89.0 90.0 91.0 92.0 93.0 95.0 96.0 97.0 98.0 
24 96.0 97.0 98.0 99.0 100.0 102.0 103.0 104.0 105.0 106.0 
2« 104.0 105.0 106.0 108.0 109.0 110.0 111.0 112.0 114.0 115,0 
26 112.0 113.0 115.0 116.0 117.0 119.0 120.0 121.0 122.0 124.0 
27 121*0 123.0 124.0 126.0 127.0 129.0 130.0 132.0 133.0 135.0 
28 130.0 131.0 133.0 134.0 136.0 137.0 138.0 140.0 141.0 143.0 
29 139.0 141.0 142.0 144.0 145.0 147.0 149.0 150.0 152.0 153.0 
30 148.0 150.0 151.0 153.0 155.0 157.0 158.0 160.0 162.0 163.0 
31 158.0 160.0 162.0 163.0 165.0 167.0 169.0 171.0 172.0 174.0 
32 167.0 169.0 171.0 173.0 174.0 177.0 178.0 180.0 182.0 184.0 
33 177.0 179.0 181.0 183.0 185.0 188.0 190.0 192.0 194.0 196.0 
34 186.0 188.0 190.0 193.0 195.0 197.0 199.0 201.0 204.0 206.0 
DBH 90 91 92 93 94 95 96 97 98 99 
8 11.0 11.1 11.2 11.3 11.4 11.5 11.6 11.7 11.8 11.9 
9 14.0 14.2 14.4 . 14.6 14.8 15.0 15.2 15.4 15.6 15.8 
10 17.5 17.BR* 18.0 18.3 18.5 18.8 19.0 19.3 19.5 19.8 
11 21.0 21.0 22.0 22.0 22.0 23.0 23.0 23.0 23.0 24.0 
12 26.0 26.0 27.0 27.0 27.0 28.0 28.0 28.0 28.0 29.0 
13 31.0 31.0 32.0 32.0 32.0 33.0 33.0 33.0 33.0 34.0 
14 36.0 36.0 37.0 37.0 37.0 38.0 38.0 38.0 39.0 39.0 
15 41.0 41.0 42.0 42.0 43.0 43.0 43.0 44.0 44.0 45.0 
16 47.0 48.0 48.0 49.0 49.0 50.0 50.0 51.0 51.0 52.0 
17 53.0 54.0 54.0 55.0 55.0 56.0 57-0 57.0 58.0 58.0 
18 60.0 61.0 61.0 62.0 62.0 63.0 64.0 64.0 65.0 65.0 




DBH 90 91 92 93 94 95 96 97 98 99 
20 74.0 75.0 76.0 77.0 78.0 79.0 79*0 80.0 81.0 82.0 
21 82.0 83.0 84o0 85.0 86.0 87.0 88.0 89.0 90.0 91.0 
22 90.0 91.0 92.0 93.0 94.0 95.0 96.0 97.0 98.0 99.0 
23 99.0 100.0 101.0 102.0 103.0 104.0 104.0 105.0 106.0 107.0 
24 107.0 108.0 109.0 111.0 112.0 113.0 114.0 115.0 117.0 118.0 
25 116.0 117.0 118.0 119.0 120.0 122.0 123.0 124.0 125.0 126.0 
26 125.0 126.0 128.0 129.0 131.0 132.0 133.0 135.0 136.J0 137.0 
27 136.0 137.0 138.0 140.0 141.0 142.0 143.0 144.0 146.0 147.0 
28 144.0 146.0 147.0 149.0 150.0 152.C 154.0 155.0 157.0 159.0 
29 155.0 157.0 158.0 160.0 161.0 163.0 164.0 166.0 167.0 169.0 
30 165.0 167.0 168.0 170.0 172.0 174.0 175.0 177.0 179.0 180.0 
31 176.0 179.0 180.0 181.0 183.0 195.0 187.0 189.0 190.0 192.0 
32 186.0 190.0 190.0 191.0 193.0 195.0 197.0 199.0 200.0 202.0 
33 198.0 200.0 201.0 203.0 205.0 207.0 209. C 210.0 212.0 213.0 
34 208.0 210.0 212.0 214.0 215.0 217.0 218.0 220.0 222.0 224.0 
DBH 100 101 102 103 104 105 106 107 108 109 
10 20.0 20.0 20.0 21.0 21.0 21.0 21.0 21.0 22.0 22.0 
11 24.0 24.0 25.0 25.0 25.0 26.0 26.0 26.0 27.0 27.0 
12 29.0 29.0 30.0 30.0 30.0 31.0 31.0 31.0 32.0 32.0 
13 34.0 34.0 35.0 35.0 35.0 36.0 36.0 36.0 37.0 37.0 
14 40.0 40.0 41.0 41.0 41.0 42.0 42.0 42.0 43.0 44.0 
15 45.0 46.0 46.0 47.0 47.0 48.0 49.0 49.0 50.0 50.0 
16 52.0 53.0 53.0 54.0 54.0 55.0 56.0 56.0 57.0 57.0 
17 59.0 60.0 60.0 61.0 62.0 63.0 63.0 64.0 65.0 65.0 
18 66.0 67.0 68.0 68.0 69.0 70.0 71,0 72.0 72.0 73.0 
19 75.0 76.0 76.0 77.0 78.0 79.0 79.0 80.0 81.0 81.0 
20 83.0 84.0 85.0 85.0 86.0 87.0 88.0 89.0 89.0 90.0 
21 92.0 83.0 94.0 94.0 95.0 96.0 97.0 98.0 98.0 99.0 
22 100.0 101.0 102.0 103.0 104.0 105.0 106.0 107.0 108.0 109.0 
23 108.0 109.0 110.0 112.0 113.0 114.0 115.0 116.0 118.0 119.0 
24 119.0 120.0 121.0 122.0 123.0 125.0 126.0 127.0 128.0 129.0 
25 127.0 128.0 130.0 131.0 132.0 134.0 135.0 136.0 137.0 139.0 
26 139.0 140.0 142.0 143.0 144.0 146.0 147.0 148.0 149.0 151.0 
27 148.0 150.0 151.0 153.0 154.0 156.0 158.0 159.0 161.0 162.0 
28 160.0 162.0 163.0 165.0 166.0 168.0 169.0 171.0 172.0 174.0 
29 170.0 172.0 173.0 175.0 177.0 179.0 180.0 182.0 184.0 185.0 
30 182.0 184.0 195.0 187.0 188.0 190.0 192.0 193.0 195.0 196.0 
31 194.0 196.0 197.0 199.0 200.0 202.0 204.0 205.0 207.0 208.0 
32 204.0 206.0 208.0 209.0 211.0 213.0 215.0 217.0 218.0 220.0 
33 215.0 217.0 219.0 221.0 223.0 225.0 226.0 228.0 230.0 231.0 




DBH 110 111 112 113 114 115 116 117 118 119 
10 22.0 22.0 22.0 23.0 23.0 23.0 23.0 23.0 24.0 24.0 
11 27.0 27.0 27.0 28.0 28.0 28.0 28.0 28.0 29.0 29.0 
12 32.0 32.0 33.0 33.0 33.0 34.0 34.0 34.0 35.0 35.0 
13 38.0 38.0 39.0 39.0 40.0 40.0 40.0 41.0 41.0 42.0 
14 44.0 44.0 45.0 45.0 46.0 46.0 48.0 47.0 47.0 48.0 
15 51.0 52.0 52.0 53.0 53.0 54.0 54.0 55.0 55.0 56.0 
16 58.0 59.0 59.0 60.0 60.0 61.0 61.0 62.0 62.0 63.0 
17 66.0 67.0 67.0 68.0 68.0 69.0 70.0 70.0 71.0 71.0 
18 74.0 75.0 75.0 76.0 76.0 77.0 78.0 78.0 78.0 78.0 
19 82.0 83.0 84.0 84.0 85.0 86.0 87.0 88.0 88.0 89.0 
20 91.0 92.0 93.0 93.0 94.0 95.0 96.0 97.0 97.0 98.0 
21 100.0 101.0 102.0 103.0 • 104.0 105.0 105.0 106.0 107.0 108.0 
22 110.0 111.0 112.0 113.0 114.0 115.0 115.0 116.0 117.0 118.0 
23 120.0 121.0 122.0 123.0 124.0 125.0 126.0 127.0 128.0 129.0 
24 130.0 131.0 132.0 133.0 134.0 136.0 137.0 138.0 139.0 140,0 
25 140.0 141.0 142.0 144.0 145.0 146.0 147.0 148.0 150.0 151.0 
26 152.0 153.0 154.0 156.0 157.0 158.0 159.0 160.0 162.0 163.0 
27 164.0 165.0 166.0 168.0 169.0 170.0 171.0 172.0 174.0 175.0 
28 175.0 176.0 178.0 179.0 181.0 182.0 183.0 185.0 186.0 188.0 
29 187.0 189.0 190.0 192.0 193.0 194.0 196.0 198.0 199.0 201.0 
30 198.0 200.0 201.0 203.0 204.0 206.0 208.0 209.0 211.0 212.0 
31 210.0 212.0 213.0 215,t5 216.0 218.0 220.0 221.0 223.0 224.0 
32 222.0 224.0 225.0 227.0 229.0 231.0 232.0 234.0 236.0 237.0 
33 234.0 235.0 237.0 238.0 240.0 241.0 242.0 244.0 245.0 247.0 
34 246.0 248.0 250.0 252.0 254.0 256.0 257.0 259.0 262.0 262.0 
APPENDIX D SOIL SERIES 
CHAMBERLAIN SERIES 
The Chamberlain series includes maximal Gray Wooded Soils devel­
oped on quartzite and argillite rocks of the Belt series. 
Soil Profiler Chamberlain stony loam 
Aoo Mul1* 
A-^ ©"-S" Black (10YR 2/l, moist) stony loam; weak medium crumb 
structure? soft, dry; friable, moistj pH 6.5 Soiltex. 
Clear boundary. 
A 3n-5w Very dark grayish-brown (10YR 3/2, moist) stony clay 
2 v 
loam; weak medium crumb structure; pH 7.5 Soiltez. 
Clear boundary. 
Bg 5n-8" Dark grayish-brown (10YR 4/2, moist) moderate medium 
subangular blockyj pH 7.5 Soiltex. Clear boundary. 
C 8"-26" Grayish-brown (2.5YR 5.5/2, moist) light gravelly clay; 
pH 6.0 Soiltex. Many small weathered pieces of quartzite. 
Range in Characteristicst 
Topography: Smooth lower mountain slopes. 
Drainaget Medium surface drainage. 
Vegetations Ponderosa pine and Douglas fir with fescue, pine grass, 
sedge, strawberry, lupine, and yarrow. 
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CLARK FORK SERIES 
The Clark Fork series includes medial Gray Wooded soils developed 
on old alluvium outwash on river terraces and benches. 
Soil Profiler Clark Fork gravelly clay loam 
A 2"-0n Hull. / 
00 
A^ Qn~2n Very dark gray (10YR 3/l» dry) to black (10YR 2/1, moist) 
gravelly clay loam; weak fine to medium platy structure; 
slightly hard, dry; slightly plastic, wet; pH 7.0 Soil-
tex. Abrupt boudary. 
Ag 2"-5" Very pale brown (10YR 7/3, dry) to dark brown (10YR 4/3, 
moist) gravelly sandy clay loam; weak fine to medium 
blocky structure; hard, dry; slightly plastic, wet; pH 
6.3 Soiltexo Abrupt boundary. 
B 5M-16W Pale brown (10YR 6/3, dry) to dark brown (10YR 3/3, 
moist) gravelly sandy clay loam; weak medium blocky to 
massive structure; hard, dry; slightly plastic, wet, pH 
6.5 Soiltex» Diffuse boundary. 
C 16"-50" Loose fine gravel and cobbles with some loamy 'Sand; pH 
6.0 Soiltex. No free earbonate of lime in the soil mass, 
but the lower sides of the gravel are encrusted with lime. 
Range in Characteristicsr Chief variations are in the amount of gravel 
in the upper two feet of the soil and in the depth to the loose substrata. 
Topographyr Nearly level to gentle slopes. 
Drainage; Little surface runoff. 
Vegetationr Ponderosa pine and Douglas fir. 
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CLEARWATER SERIES 
The Clearwater series includes minimal Gray Wooded Soils developed 
soft relatively unconsolidated siltstones and sandstones of Tertiary Age. 
Soil Profile: Clearwater loam. 
Aq l"-0" Mull. 
A 0"-3" Light-gray (10YR 7/2, dry) to dark grayish-brown (10YR 4/2 
moist) noncalcareous loam; compound structure of weak fine 
plates separating to weak fine crumb; soft, very friable, 
non-plastic, non-sticky. pH 6.0 Soiltex. Gradual boundary. 
A 3"-7" Mottled light-gray and grayish-brown (10YR 7/2 and 5/2, 
o? 
dry) to dark grayish-brown (10YR 4/2, moist) noncalcareous 
loam; weak medium platy structure; slightly hard, friable, 
non-plastic, non-sticky. pH 6.0 Soiltex. 
B 7*^11" Mottled light-gray and grayish-brown (lOYR 7/2 and 5/2, 
2 
dry) to mottled grayish-brown and dark grayish-brown (lOYR 
5/2 and 4/2* moist) noncalcareous loam; moderate medium 
subangular blocky structure; slightly hard, friable# pH 
6#0 Soiltex. 
B 11 *-18w Very pale brown (10YB 7/3, dry) to light olive-brown 2#51 
o 
5/3, moist) with a few streaks of dark grayish-brown (lOYR 
4/2, moist) of clay loam with a tertiary pebbles in a non­
calcareous loam; weak medium and fine blocks; slightly hard, 
friable. pH 5.5 Soiltex. 
C 18"-28" Yery pale-brown (lOYR 7/3, dry) to light olive-brown (2.51 
5/4, moist) noncalcareous loam; weak medium platy structure; 
slightly hard. 
D 28" Bedrock. 
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Bange in Characteristics? 
Topographyt Dissected benches and lower mountain slopes# 
Vegetations- Ponderosa pine, Douglas fir, and larch with arnica, yarrow, 
strawberry, and fcinnikinick# 
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COLD BROOK SERIES 
The Cold Brook series includes medial Gray Wooded soils developing 
on quartzite and argillite bedrock of the Belt series* 
Soil Profilet Cold Brook silt loam 
A_ |"-0" Mull. 
00 
0w-2n Grayish-brown (10YR 5/2, dry) to dark brown (10YR 3/3, 
moist) silt loam; compound structure consisting of weak 
medium plates to weak fine crumb; soft, dry; friable, 
moist; pH 6*8 Soiltex* Clear boundary* 
A 2 "-6" Light brownish-gray (10YR 6/2, dry) to dark yellowish-
brown (10YR 3/4, moist) silt loam; compound structure con­
sisting of weak medium plates to weak medium blocks; soft 
dry; friable, moist; pH 6.0 Soiltex* Clear boundary* 
B 6W-9W Pinkish-gray (7.5Y R 6/2, dry) to dark brown (7.5TR 4/4, 
moist) silt loam; weak medium prismatic breaking to weak 
medium subangular blocks; soft, dry; friable, moist; pH 
5.5 Soiltex* Some quartzite and argillite gravel present. 
Clear boundary* 
B 9n-20n Pinkish-gray (7.5TR 7/2, dry) silt loam; interior of blocks 
3 
brown (7*5YR 5/4, dry); weak medium to coarse subangular 
blocky structure; soft, dry; friable, moist; pH 5*5 Soil­
tex* Clear boundary* 
C 20"-28w Dark brown (7*5YR 4.5/4, moist) gravelly silt loam; mas­
sive structure; soft, dry; friable, moist; pH 5*0 Soiltex* 
Clear boundary* 
D 28w- Broken argillite (bedrock). 
Range in Characteristicsr These soils range from lithosols with practi­
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cally no development on bedrock outscrops on steep slopes to well-developed 
soils on smooth slight slopes and smooth ridge tops* 
Topography:: Gentle to extremely steep slopes* 
Drainage:: Well drained* 
Vegetation; Ponderosa pine and Douglas fir with servieeberry, yarrow, 
balsamroot, astor, Idaho fescue, rough fescue, cheat grass in more open 
areas* 
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COPPER CLIFF SERIES 
The Copper Cliff series includes medial Gray Wooded soils devel­
oped in glacial till over Tertiary siltsones. 
Soil Profile? Copper Cliff cobbly silt loam 
Aqq l"-0 w Mull. 
A^ 0l,-ltt Very dark grayish-brown (10YR S/l, dry) to black (10YR 
2/1, moist) cobbly silt loam; weak fine crumb structure; 
soft, dry; friable, moist; pH 7.0 Soiltex. Abrupt boundary. 
A 1W-SW Light brownish-gray (10YR 6.5/2, dry) to dark grayish-brown 
2 
(10YR 4/2, moist) eobbly silt loam; weak very fine subangu­
lar blocks breakint to weak fine crumb structure; soft, dry; 
friable, moist; floury; pH 7.0 Soiltex. Abrupt boundary. 
Bg 3"-13" Light gray (10YR 7/2, dry) to grayish-brown (lOYR 5/2, 
moist) silt loam; moderate medium and fine subangular 
blocky struoture; slightly hard, dry; friable, moist; 
pH 6.0 Soiltex. Diffuse boundary. 
C1 13"-22" Light gray (10YR 7/2, dry) and light yellowish-brown (10YR 
6/3, dry) to light brownish-gray (10YR 6/2, moist) very 
fine sandy loam; massive structure; pE 5.5 Soiltex* Con­
tains fine quartzite and siltstone fragments* 
C 22" - Weathered siltstone and fine sandstone. 
2 
Range in Characteristics!: 
Topographyt Smooth lower slopes of dissected benches 
Drainager Well drained. 
Vegetation* Ponderosa pine and Douglas fir. 
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ELK CHEEK SERIES 
The Elk Creek series includes minimal Gray Wooded soils developed 
on weathered schist* 
Soil Profilet Elk Creek gravelly silt loam* 
AQQ l"-0" Mull. 
0"-3B Very dark grayish-brown (10YR 3/2, dry) to very dark brown 
(10YR 2/2,moist) gravelly silt loam; moderate coarse platy 
structure; soft, dry; friable, moist; pH 7.2 Soiltex* 
Abrupt boundary. 
Ag - 3n-5w Grayish-brown (10YR 6/2, dry) to dark grayish-brown (10YR 
B1? 3.5/2, moist) gravelly silt loam; weak to moderate medium 
subangular blocky structure; slightly hard, dry; firm, 
moist; pH 7.0 Soiltex. Abrupt boundary. 
B 5"-12" Light gray (10YR 7/2, dry) to brown (1GYR 5/3, moist) 
gravelly silt loam; weak to moderate coarse subangular 
blocky structure; slightly hard, dry; fim, moist; pH 6.5 
Soiltex. Clear boundary, 
C 12n-28* White (10YR 8/2, dry) to light brownish-gray (lOYR 6/2.5 , 
moist) gravelly silt loam; massive structure; slightly 
hard, dry; firm, moist; pH 6.0 Soiltex. 
Range in Characteristics: Inclusions of lighter colored mineral soil are 
present in the A^, apparently as a result of frost heaving. Numerous pieces 
of charcoal are present in the A^. 
Topography; Gentle slopes and ridge tops. 
Drainager Well drained. 
Vegetation: Ponderosa pine and Douglas fir with fescue, strawberry and 
grasses. 
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GARNET SERIES Tentative series 
The Garnet series includes minimal Gray Wooded soils developed from 
weathered metamorphosed argillites and quartzites. They are developed un­
der an open conifer forest cover with some grass and small shrubs* The 
soils generally are stony and occupy hilly to steep mountainous relief* 
Soil Profiles Garnet stony silt loam 
AQ 1h-0" Mull* Abrupt boundary. 
0"-2n Grayish-brown (10YR 5/2, dry) to very dark-brown (10YR 2/2, 
moist) noncaleareous silt loam; soft, very friable* pH 6*7 
Soiltex* Abrupt boundary, 
A 2"-8n Light-gray (10YR 7/2, dry) to dark grayish-brown (10YR 4/2, 
2 
moist) noncalcareous silt loam; fine blocky structure; 
soft, very friable; pH 6.5 Soiltex. Gradual boundary. 
B 8"-17" Pale-brown (10YR 6/3, dry) to brown (10YR 4/3, moist) non-
2 
calcareous silt loam; weak, coarse blocky structure; soft, 
very friable• pH 6.0 Soiltex* 
C 17B-34n Light olive-brown (2.5Y 5/3, moist) noncalcareous very fine 
sandy loam; weak coarse blocky structure; pH 6*0 Soiltex. 
Range in Characteristics: Depth over bedrock varies from a few inches to 
three feet but stone is abundant on the surface and through the profile* 
Soils are acid with pH ranging from 5 to about 6.5* In some cases they 
become more acid with increase in depth. 
Topography: Hilly to steep and mountainous. 
Drainage: Well drained* 
Vegetation: Open stand of conifers, grasses and shrubs. 
Use: Forestry, watershed purposes, and grazing. 
Distribution; Missoula County, Montana, extent is not known. 
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Type location: University ©f Montana School Forest (Lubrecht Forest), 
Missoula County, Montana* 
Series Proposed} Missoula County, Montana, 1955* The name is taken from 
the Garnet Mountain Hange. 
Reference: Profile descriptions by C.A. Mogen 
Soil Surveys, Soil Conservation Ser­
vice, U.S. Dept. of Agriculture 
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GARNET MATERIALS 
Garnet Materials include minimal Gray Wooded soils developed in 







Range in Characteristics: The depth to bedrock may range from six inches 
to three feet; the thickness of the several horizons changes in depth. 
Fairly well-defined but very thin A^ horizons may be present in some places. 
The soil ranges from gravelly to stony. 
Topography; Moderately steep to steep mountainous slopes. 
Drainage: The soils are well drained. 
Vegetation: Mixed forest of ponderosa pine and Douglas fir. Minor vegeta­
tion includes blue bunch wheatgrass, rough fescue, Idaho fescue, June 
grass, lupine, balsamroot, yarrow, and astor in the more open areas. 
Garnet Materials 
Mull. Abrupt boundary. 
Grayish-brown (10YR 5/2, moist) fine sandy loam; with a 
very weak fine blocky structure; soft, dry; friable, moist; 
pH 6.0 Soiltex. Abrupt boundary. 
Grayish-brown (2.5Y 5/2, moist) fine sandy loam; very 
weak fine blocky structure; soft, dry; friable, moist; 
pH 6.0 Soiltex. 
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GREENOUGH SERIES Tentative series 
The Greenough series includes medial Gray Wooded soils intergrading 
to chenozemic (grassland) soils developed under a moderately close stand of 
conifers with an understory of grass and shrubs. They are developed in a 
thin silty mantle over tertiary siltstone and fine grained sandstone. They 
differ from more representative Gray Wooded soils such as Whitefish and Half 
Moon in having darker moist color in the A^ and in being derived from Ter­
tiary siltstone, whereas the former are on glacial till and lacustrine ma­
terials respectively. 
Soil Profile: Greenough silt loam 
AQO l/2n-0n Forest litter. 
A21 °W"5n Light gray (10YR 7/2, dry) to very dark grayish-brown (10 
YR 3/2, moist) noncalcareous silt loam; moderate fine platy 
structure; soft, very friable. pH 6.5 Soiltex. Gradual boun­
dary. 
Agg 5w-8w Light-gray (10YR 7/2, dry) to brown (4.5/3, moist) noncal­
careous silt loam; weak medium platy structure; soft, very 
friable. pH 6.5 Soiltex. Clear boundary. 
A„-B .8" -12* Mottled light-gray and grayishObrown (10YR 7/2 and 5/2, 
or 
dry) to brown (10YR 4.5/3, moist) noncalcareous silt loam; 
weak medium subangular blocky structure; slightly hard, 
friable# pH 6.0 Soiltex. Clear boundary. 
A2-Bigl2w-14n Mottled light-gray and grayish-brown (10YR 7/2 and 5/2, 
or 
B-^g dry) to brown (7.5YR 5/4, moist) noncalcareous heavy silt 
loam; moderate fine subangular blocky structure; slightly 
hard, firm. pH 5.5 Soiltex. Clear boundary. 
B 14W-18M Brown (7.5YR 5/4, moist) noncalcareous silty clay loam; 
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moderate to strong fine blocky structure; very hard, firm. 
pH 5.5 Soiltex. Gradual boundary. 
B 18w-32n Mottled yellowish-brown and pale-yellow (10YR 5/6 and 5Y 
3 
8/3, moist) noncalcareous heavy loam; weak medium blocky 
structure; friable; pH 5.5 Soiltex. 
Remarks: a band -§- inch thick of black charcoal passes diagonally through 
the lower 3 inches of the A horizon. The mottled pattern in the B^ hor­
izons of this profile indicated degradation of a B horizon. The light gray 
appears as netting through the brown of the aggregates. 
Range in Characteristicst Thickness of silty mantle over siltstone varies 
from 30 to 50 inches. Soils are generally acid with pH 6 to 6.5 in the A^ 
and Ag and become more acid with depth to a depth of 30 inches or more. 
In places the underlying materials are calcareous at about 60 inches. A 
few cobbles and stones are on the surface scattered through the soil profile. 
Topography: Rolling or gently rolling uplands. Slopes mostly between 3 and 
14*. 
Drainage: Well drained. 
Vegetations Moderately thick conifer forest consisting of yellow pine, Dou­
glas fir and Western larch with understory of pine reed grass. Richardson,s 
needle grass and small woody shrubs. 
Uses Mostly in forest cover. Joint use in forestry and grazing. Small 
amount in cultivation is used for hay and small grain. 
Distributions Missoula County, Montana and adjacent areas* Extent is not 
known at present. 
Type locations University of Montana School forest (Lubrecht Forest), 
Missoula County, Montana. 
Series Proposeds Missoula County, Montana, 1955. The name is taken from 
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a post office near the school forest. 
Dave R* Cawfield 10/5/55 
References profile description by 
C.A. Mogen 8/10/55 
Soil Survey Soil Conservation Ser­
vice, U0S# Dept* of Agriculture 
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LUBRECHT SERIES Tentative series 
The Lubrecht Series includes Gray Wooded pianosoIs intergrading to 
grassland planosols developing in local allumium over -weathered tertiary 
siltstones and fine grained sandstone s. They are developed under open to 
moderately close stand conifer forest with considerable grass and low grow­
ing woody plants* The parent materials are finer textured and the B hor­
izon is more strongly developed than in soils of the Greenough series* The 
Lubrecht series is characterized by a strongly developed blocky B which 
2 
is somewhat degraded in the upper part* 
Soil Profile; Lubrecht silt loam 
Ap 0"-l|r" Silt loam; noncalcareous* Abrupt boundary* 
Ag l^"-5" Light gray (9YR 7/2, dry) to dark grayish-brown (9YR 4/2, 
moist) noncalcareous silt loam; moderate medium platy 
structure; soft, very friable* pH 6*0 Soiltex* Abrupt 
boundary* 
Ag-B 5"-8w Mottled light-gray and grayish-brown (9YR 7/2 and 5/2, dry) 
or 
B-^ to dark grayish-brown (9YR 4/2, moist) noncalcareous silty 
clay loam; compound structure of strong medium and fine 
blocks; hard, friable* pH 5*7 Soiltex* Abrupt boundary* 
B 8n-12n Dark yellowish-brown with very dark grayish-brown coatings 
(9YR 4/4 and 3/2, moist) noncalcareous clay; strong medium 
round topped columns; extremely hard, very firm* pH 6*0 
Soiltex* Clear boundary* 
B 12B-24n Dark yellowish-brown (9YR 4/4, moist) noncalcareous clay; 
22 
weak medium blocky structure; extremely hard, firm* pH 6*0 
Soiltex* Clear boundary* 
C 24"-26" Yellowish-brown (10YR 5/8, moist) noncalcareous stony silt 
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loam* 
Range in Characteristlost Depth over Tertiary Bedrock varies from 30 to 
50 inches. Degraded B varies from 2 to 10 iiehes thick. A few stones are 
found on the surface and through the profile* Soils are acid with a pH 6 
to 6.5 on surface and usually becomes more acid with increase in depth. 
Topography; Gently rolling, 2 to 7% slope range is most eonmon. 
Drainaget Moderately good surface drainage with slow internal drainage 
because of dense slowly permeable B horizon, 
Yegetation: Open conifer forest, mostly yellow pine, Douglas fir and 
Western larch with understory of grass and shrubs* Most common grasses 
are pine reed grass and Richardson's needle grass* 
Use? Entire area is in native forest with forestry and grazing use* 
Type location; University of Montana School Forest (Lubrecht Forest), 
Missoula County, Montana* 
Series Proposed; Missoula County, Montana, 1955, The name is that of the 
University forest in which the soil was first described and mapped* 
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MoMANUS SERIES Tentative series 
The McManus Series includes medial Gray Wooded soils intergrading 
to grassland soils developed in moderately fine textured glacial till or 
rubble slope material mainly from gneiss. They are developed under open 
stand of conifer forest and grass. They are acid in reaction with pH in 
the surface ranging from 6 to 6.5 and become more acid with increase in 
depth. These soils differ from Whitefish series which are also medial 
Gray Wooded soils from glacial till in being more acid throughout, in hav­
ing a darker (moist color) A and in being on till largely from gneiss 
whereas the materials in Whitefish are largely calcareous argillites. 
Soil Profile: McManus stony loam 
AQ l/2"-0" Forest litter* . Abrupt boundary. 
A^ 0B-ln Dark-gray (10YR 4/l, dry) to black (10YR 2/l, moist) non­
calcareous loam; strong fine crumb structure; soft, very 
friable* pH 6.5 Soiltex. Gradual boundary* 
Ag 1"-4W Pale-brown (10TR 6/3, dry) to brown (10YR 4/2, moist) non­
calcareous loam; weak medium platy structure; soft, fri­
able* pH 6*0 Soiltex* Gradual boundary. 
Ag 4"-9" Colors as in the horizon above in noncalcareous loam; weak 
medium subangular blocky structure; slightly hard, friable* 
pH 6*0 Soiltex* Clear boundary. 
9n-13" Mottled pale-brown and brown (10YR 6/3 and 5/3, dry) to 
mottled brown and dark-brown (10YR 4/3 and 3/3 coats, 
moist) noncalcareous sandy clay loam; moderate medium 
subangular blocks with thin patchy clay skins; slightly 
hard, friable, slightly sticky, siightly plastic. 
B 13n-21n Brown with dark-brown coatings (10YR 4/3 and 3/3, moist) 
2 
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noncalcareous clay; compound structure of moderate medium 
blocks separating to weak fine blocks. Distinct continuous 
clay skins on the peds. Very hard, firm sticky plastic# 
pH 5.5 Soiltex. Clear boundary. 
B 21n-26w Brown (lY 4/3, moist) noncalcareous sandy clay loami weak 
3 
medium subangular blocky structure; friable, slightly sticky, 
slightly plastic. Thin patchy skins on the peds. 
C 26"-32ff Brown (lY 4/3, moist) noncalcareous loam; massive; friable. 
Range in Characteristicss not known 
Topography t Rolling to hilly 
Drainage? Well drained. 
Vegetation: Open t imber, largely yellow pine, pine grass and small shrubs. 
Use? Forestry and grazing. 
Distribution? Missoula County, Montana. Extent is not known. 
Type location: University of Montana "chool Forest (Lubrecht Forest), 
Missoula County, Montana. 
Series Proposed? Missoula .County, Montana, 1955 0 The name is taken from 
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McNAMARA SERIES 
The McNamara series includes maximal Gray Wooded soils developed in 
rocky and silty glaGial mantle over Tertiary clays* These soils appear to 
be developing in the A horizon of a buried soil* 
Soil Profile; McNamara loam 
Aqo l"-0" Mor. 
A^ 0"-lw Very dark grayish-brown (10YR 3/2, dry) loam; weak fine 
crumb structure; soft, dryj friable, moist. Abrupt boundary. 
Ag ln-3n Light brownish-gray (10YR 6/2, moist) loam; strong medium to 
coarse platy structure; soft, dry; friable, moist* pH 5.2 
Soiltex. Many fungal hyphae present* Clear boundary. 
Ag]L 3"-12" Light brownish-gray (10YR 6/2, dry) to dark brown (10YR 
3/3, moist) silt loam; weak to moderate medium blocky struc­
ture; slightly hard, dry; friable, moist; pH 5*0 Soiltex* 
Abrupt boundary* 
B 12n-22M Dark grayish-brown (10YR 4/2, moist) silt loam; moderate 
22 
medium blocky structure; slightly hard, dry; friable, moist. 
pH 5.2 Soiltex. Clear boundary* 
Cg 22w->40,r Reddishr-brown (5YR 4/4, moist) clay, interior of column 
2b 
dark reddish-brown (SYR 3/4, moist); weak to moderate me­
dium columnar structure; very hard, dry; extremely firmj 
moist* pH 6.5 Soiltex* 
Range in Characteristics; 
Topography; Lower mountain slopes 
Drainage; Well drained* 
Vegetation* Ponderosa pine and Douglas fir* 
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P0LS0N SERIES 
Th© Poison Series includes medial Chestnut soils developed on lacus­
trine terraces. 
Soil Profile; Poison silt loam 
A A-n-0" 
00 2 u 
A-q 0"-Zn Very dark brown (10YR 2/2, moist) silt loam; moderate to 
strong fine to medium crumb structure; soft, dry; friable, 
moist. pH 6.8 Soiltex. Abrupt boundary. 
A-j^ 5"-10" Dark brown (7.5YR 4/2, moist) silt loam; moderate fine 
platy structure; soft, dry; friable, moist. pH 6.5 Soil­
tex. Abrupt boundary. 
Bg lO^-ie" Dark brown (7.5YR 5/4, moist) silt loam; weak moderate sub-
angular blocky structure; soft, dry; friable, moist; pH 6.5 
Soiltex. Abrupt boundary. 
C le^SS" Pinkish-gray (7.5YR 6/2, moist) silt loam; massive structure; 
ca 
soft, dry; friable, moist; strong effervescence; pH 8.0 
Soiltex. Diffuse boundary. 
C^ 35w-48n Pinkish-gray (7.5YR 6/2, moist) silt loam; weakly varved; 
soft, dry; friable, moist; strong effervescence. pH 8.0 
Soiltex. Diffuse boundary. 
Cg 48w-60n Strongly varved silt loam; strong effervescence. 
Range in Characteristic sr. 
Topography? Gently sloping terraces. 
Drainages Well drained. 
Vegetations Ponderosa pine savannah. 
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SHOOFLY SERIES 
The Shoofly series includes maximal Chestnut soils developed on Ter­
tiary or lacustrine terraces. 
Soil fbrofilet Shoofly silt loam 
Aoo 
0n-4" Very dark brown (10YR 3/3, moist) silt loam; strong fine 
platy structure; soft, dry; friable, moist* pH 6,5 Soiltex. 
Clear boundary. 
A^g 4w-9n Dark brown (7*5YR 3/2, moist) silt loam; strong fine medium 
and coarse platy structure; soft, dry; friable, moist* pH 
6.0 Soiltex* Clear boundary. 
Ag 9n-15tt Dark brown (7.5YR 4/3, moist) silt loam crushed (7*SYR 4/4 
moist) with sprinklings of 7.5YR 4/2; moderate fine and 
medium blocky structure; soft, dry; friable, moist, pH 
6.0 Soiltex. Abrupt boundary. 
Bg^ 15"-19w Very dark brown (7.SYR 4/2, moist) silty clay; compound 
structure, consisting of strong coarse prisms to weak med­
ium blocks; very plastic, wet. pH 6.0 Soiltex. Gradual 
boundary. 
Bgg 19w-28w Dark grayish-brown (10YR 4/2, moist) clay; strong coarse 
blocky structure; plastic, wet* pH 6.5 Soiltex. Clear 
boundary. 
G1 28n-48" Grayish-brown (10YR 5/2, moist) with faint mottles of yel-
lowish-brown (10YR 5/4, moist) clay; massive structure; 
plastic, wet; pH 6,8 Soiltex. Gradual boundary. 
Cg 48n-60w Light brownish-gray (2.5Y 6/2, moist) clay; massive struc­
tures pH 6.5 Soiltex* 
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Range in Characteristicsr 
Topography8 Gently sloping terraces. 
Drainage; Fell drained. 
Vegetation8 Ponderosa pine. 
lis 
SHOTGUN SERIES 
The Shotgun series includes medial Gray Wooded soils developed em 
deeply weathered quartzites of the Belt series. 
Soil Profile? Shotgun loam. 
0n-l^-n Gray (10YR 5/l, dry) to very dark gray (10TR 3/l, moist) 
noncalcareous loam; moderate fine platy structure; soft, 
very friable. pH 6.5 Soiltex. Clear boundary. 
A^g li"-6n Colors as in the horizon above in noncalcareous loam; weak 
medium subangular blocky structure; slightly hard, friable. 
pH 7.0 Soiltex. Clear boundary. 
Ag 6"-18" Yery pale-brown (lOYR 8/3, dry) to brown (19YR 5/3, moist) 
noncalcareous fine sandy loam; weak coarse and medium sub-
angular blocky aggregates; sligjhtly hard, friable, pH 5.6 
Soiltex. Clear boundary. 
Ag-Bg 18"-24" Mottled very pale-brown and brown (lOYR 8/3, and 4/3 dry) 
or 
B^ to pale brown (lOYR 6/3 and 4/3, moist) noncalcareous fine 
sandy loam and loam; loam being the brown thin bands in 
this layer. Weak coarse and medium subangular blocky ag­
gregates; hard, friable. pH 5.5 Soiltex. Clear boundary. 
B 24B-36n Yery pale-brown and brown (lOYR 8/3 and 4/5 in bands, dry) 
2 
to banded brown and reddish-brown in bands (lOYR 5/3 and 
5YR 4/4, moist) noncalcareous fine sandy loam and clay 
loam bands; weak and strong coarse blocks; hard, friable. 
pH 5.0 Soiltex. Clear boundary. 
B 36n-48w Pale olive (5Y 6/3, moist) fine sandy loam with bands of 
O 
dark brown (7.5YR 4/4, moist) noncalcareous clay loam; 
weak and moderate coarse blocky; hard, friable. pH 5.0 
Soiltex. 
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Range in Characteristicst 
Topography8 Moderate to steep mountain slopes. 
Drainagef Well drained* 
Vegetationt Ponderosa pine and Qouglas fir with Idaho fescue, bluegrass, 
timber oat grass, and pine grass* 
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SKALKAHO SERIES 
The Skalkaho series includes Chestnut soils developed in thin mantles 
of gravelly and cobbly old alluvium over -weakly consolidated sediments of 
Tertiary age. 
Soil Profiles Skalkaho gravelly silt loam 
AQQ Mall. 
0W-4W Very dark grayish-brown (lOYR 3/2, dry) to very dark brown 
(10YR 2/2, moist) gravelly silt loam; weak fine crumb struc­
ture; soft, dry; friable, moist* pH 7#0 Soiltex* Abrupt boun­
dary* 
4"-8" Dark grayish-brown (lO^R 4/2, dry) to very dark brown (lOYR 
2/2, moist) gravelly silt loam; moderate medium platy struc­
ture; slightly hard, dry; friable, moist; pH 6*5 Soiltex. 
Gradual boundary* 
B 8"-IS" Dark brown (lO^R 4/3, dry) to (lOYR 3/3, moist) gravelly 
silt loam; moderate fine to medium subangular blocky struc­
ture; hard, dry; firm, moist; pH 6*5 Soiltex, Gradual boun­
dary. 
C^ 26n-100n+Gravelly sand. 
Range in Characteristics* The amount of gravel in the surface soil ranges 
from only a sprinkling to as much as 25* of the soil mass* 
Topographyt Gently to moderately sloping benches. 
Drainages Runoff slow; surface and internal drainage good to excessive. 
Vegetations Sage brush, Idaho fescue, June grass, yarrow and mullein* 
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SUNFLOWER SERIES 
The Sunflower series includes medial Gray Wooded soils developed 
In glacial till over Tertiary clays and siltstones* 
Soil Profile; Sunflower stony loam 
A l^O" Mull. 
00 
A^ 0"-l" Black (lOYR 2/l, moist) loam; moderate medium platy struc­
ture? soft, dryj friable, moist* pH 6.5 Soiltex. Abrupt 
boundary. 
A lw-4" Very dark gray (lOYR S/l» moist) loam; structure ranges 
12 
from weak fine blocky to weak medium crumb; soft, dry; 
friable, moist* pH 6.0 Soiltex* Clear boundary* 
A 4n-8w Grayish-brown (lOYR 5/2, moist) loam; with some dark brown 
2 * 
(lOYR 3/3, moist) organic staining; weak fine blocky struc­
ture; dry, soft; friable, moist* pH 5*3 Soiltex* Clear 
boundary. 
B S^-IS" Brown (lOYR 4*5/3, moist) loam; weak fine blocky structure 
2 
with very weak clay skins; soft, dry; friable, moist. pH 
6*5 Soiltex. Clear boundary. 
B 15"-19" Dark yellowish-brown (lOYR 4/4, moist) clay loam; moderate 
to medium blocky structure with very weak clay skins; hard, 
dry;, firm, moist; pH 5.5 Soiltex. Diffuse boundary. 
C^ 19"-28" Dark brown (7*5YR 4/4, moist) clay containing rounded silt-
stones; massive structure; firm, moist# pH 5.5 Soiltex* 
Diffuse boundary* 
Cg 28n- Compact siltstones* 
Range in Characteristics s The A horizon may vary in thickness and under 
minimal development the B horizon may be lacking* Numerous rooks may be 
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present to a depth of twenty inches* 
Topographyt Smooth lower slopes. 
Drainaget Well drained* 
Vegetation: Ponderosa pine, Douglas fir, and larch* Lesser vegetation 




The Troutwine series includes minimal Gray Wooded soils developed 
in metamorphosed Tertiary siltstones* 
Soil Profile: Troutwine gravelly loam 
AQ0 1"-0W Mull. Abrupt boundary. 
A^ 0n-2n Very dark brown (lOYR 2/2, moist) gravelly loam; medium 
coarse platy structure; soft, dry; friable, moist; pH 7.0 
Soiltex. Clear boundary. 
Bg 2"-10" Dark yellowish-brown (lOYR 4.5/3, moist) gravelly loam; 
•weak medium subangular blocky structure; soft, dry; friable, 
moist* pH 6.0 Soiltex. Clear boundary. 
Bg 10"-18" Grayish-brown (lOYR 5/2, moist) gravelly loam; structure 
consists of weak coarse subangular blocks mixed with weak 
fine crumbs; soft, dry; very friable, moist# pH 6.0 Soil­
tex. 
C 18B-S6n Gray (10YR fj/l, moist) very gravelly fine sandy loam; mas­
sive structure* pH 5.5 Soiltex* 
Range in Characteristics: 
Topography: Smooth lower slopes of dissected benohes. 
Drainage: Well drained. 




The Wessel series includes iaitiiilial Gray Wooded soils developed on 
weathered limestone. 
Soil Profiles Wessel silt loam 
Aqq Zn-2$$:n Forest litter. 
28B-0w Humus layer. Abrupt boundary. 
A 0"-4" Light brownish-gray (10IR 6/2, dry) to dark grayish-brown 
(lOYR 4/2, moist) noncalcareous silt loam; weak fine platy 
structure separating to moderate fine crumb; very friable, 
non-plastic, non-sticky. pH 5.5 Soiltex. Clear boundary. 
4"-6" Very pale brown (lOYR 7/3, dry) to brown (lO^R 4/3, moist) 
noncalcareous silt loam; weak fine subangular blocky struc­
ture; very ftriable, slightly plastio, slightly sbicky. pH 
5.5 Soiltex. Clear boundary. 
Bg 6w-14n Brown (lOYR 4/3, moist) noncalcareous silt loam; moderate 
fine subangular blocky structure; friable, slightly sticky. 
pH 6.5 Soiltex. Clear boundary. 
B g  1 4 2 4 "  D a r k  y e l l o w i s h - b r o w n  ( 1 0 Y R  4 / 4 ,  m o i s t )  m o d e r a t e l y  c a l c a r e ­
ous silt loam; very weak medium subangular blocky structure; 
friable, slightly plastic, slightly sticky. pH 7»5 Soiltex. 
24"- Stony silt loam. 
Range In Characteristicss 
Topographyr High mountain slopes. 
Drainages Well drained. 
Vegetationt Douglas fir and lodgepole pine with pine grass and bear-grass . 
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WISHEND SERIES 
The Wishend series includes medial Gray Wooded soils developed on 
stream gravels and sand. 
Soil Profilet Wishend ooarse sandy loam 
AQo ln-0" Mull. 
A^ 0" -ljjf" Gray-brown (10YR 5.5/2, dry) to very dark brown {10IB 2/2, 
moist) ooarse sandy loam; weak fine crumb structure} soft, 
dry; friable, moist. pH 6.0 Soiltex. Abrupt boundary, 
Ag l^-n-6" Gray-brown (10YR 5/2, dry) to very dark brown (10YR 2/2, 
moist) coarse sandy loam} weak coarse subangular blocky 
structure; slightly hard, dry; friable, moist* pH 5.8 
Soiltex. Gradual boundary. 
6n-20w Dark brown (10YR 4/3, dry) to very dark brown (10YR 2/3, 
moist) coarse sandy loam; moderate medium to ooarse suban­
gular blocky structure; slightly hard, dryj friable, moist. 
pH 5.8 Soiltex. Gradual boundary. 
Bg 20"-26" Brown (7.5YR 5/4, dry) to dark reddish-brown (5YR 3/4, 
moist) clay loam; weak fine to medium blocky structure! 
slightly hard, dry; slightlyplastie, w6t; pH 6.0 Soiltex. 
Gradual boundary. This material appears to have been washed 
in and is not a true B horizon. 
C 26n-40M Loose loamy coarse sand. 
Range in Characteristicsr 
Topography? Gentle slopes. 
Drainage; Well drained. 











The Yourname series includes minimal Gray Wooded soils developed in 
glacial till. 
Soil Profiler Yourname stony fine sandy loam 
L and F layers* 
H layer. Duff mull* 
Dark grown (10YR 4/3, moist) very fine sandy loam; weak me­
dium very fine crumb structure} soft, dryj friable, moist. 
pH 6.0 Soiltex* Clear boundary# 
Brown (10YR 5/3, moist) very fine sandy loam; weak medium 
very fine crumb structure; soft, dry; friable, moist; pH 
6.5 Soiltex* Clear boundary* 
C 6 7 2 "+ Light gray (10YR 7/2, dry) t© grayish-brown (10YR 5/2, 
moist) very fine send; massive structure; soft, dry; very 
friable, moist* pH 5*0 Soiltex. 
Range in Characteristics* These s oils may develop A^ horizons on more 
gentle slopes but not continuously over large areas* 
Topographyt Steep mountain slopes. 
Drainage> Good to excessive* 
Vegetation: Douglas fir, larch, with yarrow, snowberry, Oregon graph, 
willow, lupine, and pine grass* 
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DERIVATION OF PROPOSED SERIES NAMES 
McNamara River landing 
Sunflower Mounta in 
Copper Cliff Village 
Elk Creek Creek 




Lost Prairie Creek 
Lost Horse Creek 
Chamberlain Meadows 
Clearwater River 
Shoo fly Meadows 
Greenough Post Office 




Garnet Mountain Range and 
Village 
Sources U.S. Forest Service Map of Lolo National Forest, Idaho and Mon­
tana, 1939. 
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RELATION OF PROPOSED SOIL SERIES TO GREAT SOIL GROUPS, PARENT MATERIALS, 
AND DEGREE OF DEVELOPMENT, LUBRECHT FOREST, MISSOULA COUNTY, MONTANA 
Great Soil Parent Degree of Development 
Group Material Minimal Medial Intergrade Maximal 
Tertiary silts 
l.over siltstone Clearwater Greenough 





over Tertiary Yourname 
Copper 

























Schist Elk Creek 
Lacustrine 
Terraces Poison Lost Horse Shoofly 
Chestnut 
Old Alluvium on 
Terraces Skalkaho 
APPENDIX E BARK CURVES 
The following "bark curves were used to determine the diameter in­
side the "bark at the top of the first 16 foot log when calculating Girard's 
fona class for ponderosa pine, Douglas fir, and Western larch on the Lu-
brecht Experimental Forest. 
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Diameter outside bark - in inches 
Graph 1. THE RELATIONSHIP OF DOUBLE BARK THICKNESS TO DIAMETER OUTSIDE BARK AT 4.6 AND 16.5 
FEET FOR PONDEROSA PINE ON THE LUBRECHT EXPERIMENTAL FOREST. 
Diameter outside bark - in inches 
Graph 2. THE RELATIONSHIP OP DOUBLE BARK THICKNESS TO DIAMETER OUTSIDE BARK AT 4.5 AND 16.3 
FEET FOR DOUGLAS FIR ON THE LUBRBCHT EXPERIMENTAL FOREST. 
Diameter outside bark 16 feet 
16 20 24 
Diameter outside bark - in inches 
Graph 3, THE RELATIONSHIP OF DOUBLE BARK THICKNESS TO DIAMETER OUTSIDE BARK AT 4.5 AND 15.3 
FEET FOR WESTERN LARCH ON THE LUBRECHT EXPERIMENTAL FOREST 
APPENDIX F TYPES OP EROSION * 
1. Sheet erosion - the more or less uniform removal of soil from an area 
without the development of conspicuous water channels. 
2. Shoestring erosion - (rill erosion) - the removal of soil through the 
cutting of numerous small but conspicuous water channels or tiny riv­
ulets that are minor concentrations of runoff. 
3. Gully erosion - the removal of soil resulting from the formation of 
relatively large channels or gullies cut into the soil by concentra­
tions of runoff. 
* Anon. 1951. Soil survey manual. United States Department of Agricul­
ture Handbook No. 18» 
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APPENDIX G COMMON TEEE SPECIES IN THE WESTERN UNITED STATES* 
C ode Common Name 
01 Douglas fir 
11 Ponderosa pine 
14 Western white pine 
15 Lodgepole pine 
26 Whitebark pine 
Limber pine 
Bristlecone pine 
27 Pinyon Pine 
SI White fir 
33 Grand fir 




47 Mountain hemlock 
48 Western hemlock 
54 Western red cedar 
55 Western larch 
63 Juniper 
70 Other hardwoods 
73 Aspen 
75 Cottonwood 
* Harlow, W.M. and E.S. Harrar. 1950. 
Hill Book Co., New York. 555 p. 
Scientific Name 





















Textbook of Dendrology. McGraw 
129 
APPENDIX H 
SAMPLE CALCULATION OF A MATHEMATICALLY FITTED CURVE OF 
TOTAL HEIGHT OVER DIAMETER BREAST HIGH 
A satisfactory total height over diameter breast high curve is one 
which is constructed mathematically from the heights and diameters mea­
sured in the field using the formula Y = a log X + b (l) where Y is the 
calculated height of the tree, X is the diameter in inches and a_ and b are 
constants* 
Field data is recorded and extensions calculated as in the follow­
ing table® The following data was used in the calculation of the ponderosa 
pine height-diameter curve for plot No* 0011 established July 19 & I960© 
7 8 
1 2 3 5 6 p 1 inch 
log x "" . Diameter 
Curved 
X n Y log X Y log x Height 
5.9 1 38 .771 1 
9.3 1 52 .968 2 8 
6.9 1 39 .839 3 19 
11.0 1 61 1.041 4 27 
8.3 1 41 .919 5 33 
13.7 1 62 1.137 6 39 
5.4 1 34 .732 7 43 
7.6 1 49 .881 8 46 
17.7 1 78 1.248 9 50 
12.7 1 66 1.104 10 53 
19.9 1 67 1.299 11 56 
2.5 1 20 .398 12 58 j 












13 633 11.970 633.745 11.917 19 
Slog x 20 
-
sn *LY. S.log x SY log x -
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In the table, x = DBH, 11 = number of trees, Y = height measured in 
the field, and i£= sum of. All other columns (4, 5, and 6) contain the logs 
and products of columns 1, 3, and 4. 
The sums of the columns are substituted in the normal equations? 
(II) Y = a log x + b 
(III) Y log x = a log x2 + b log x 
After substitution, the equations becomes: -
(II) 633 = 11.970a + 136 
(III) 633.745 = 11.991s + 11.970b 
The two equations are solved simultaneously by dividing each equation 
through by its coefficient of a^r 
(II) 52.882 = a + 1.086b 
(III) 53.748 = a + 1.015 
By subtracting (ill) from (II), a is eliminated: leaving an equation in b. 
-.866 = +.071b (I) - (II) 
andr 
b = -12.197 
The value for b is substituted 3n equation (n) to find the value for as 
52.882 » a + 1.086 (-12.197) 
52.882 a a - 13.245 
g i v i n g  a  v a l u e  f o r  a s  
a = 66.127 
By subtracting values for a_ and b into equation (i), the height-diameter 
equation becomess 
Y = 66.127 log x - 13.245 
To draw the height-diameter curve, three points are required. Using the 
l o g s  o f  8 ,  1 0  a n d  1 8  i n c h e s  f o r  x ,  t h e  f o l l o w i n g  v a l u e s  a r e  c a l c u l a t e d  f o r  Y s  
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8 inches T = 66.127 (.903) - 13.245 
Y = 46.467 feet 
10 inches Y = 66.127 (1.000) - 13.245 
Y = 52.882 feet 
11 inches Y = 66.127 (1.225) - 13.245 
Y = 69.744 feet 
These three values are plotted on semi-log 2 cycle graph paper and a 
straight line drawn between the three points. Values are then read for 
each inch diameter to the nearest foot and entered in eoluan 8 under 
curved heights. The curve should be extended so that there is a value 
for each diameter measured on the ploto 
Heights can be calculated if log paper is not available. Ihe for­
mula Y — 66.127 log x - 13.245 is used as it was to determine the three 
points from which the graph was drawn. 
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Diaireter outside bark - in inches 
Graph 4. HEIGHT-DIAMETER CURVE FOR PONDEROSA PINE ON PLOT 0011. 
APPENDIX I FOBMPLAE 
Height Curve Y = a log X + b 
Y ss calculated height 
X = diameter in inches 
a and b = constants calculated by the least squares 
method 
Basal Area of a Single Tree 
BA = ffT)2 = KD2 
4(144) 
TT = 3.1416 
D = diameter in inches 
K = 0.005454 
Total Basal Area 
£.BA = k€D2 
BA = basal area 
D = diameter in inches 
K = constant 0.005454 
£ = sum. of 
Stand Size and Average Diameter 
D = the diameter of the tree of average basal area 
D = diameter of an individual tree in inches 
N = the number of trees 
2 = the sum of 
Girard's Form Class 
4 
X 
DIB at top of 1st 16' log 
DOB at 4.5' 
DIB — diameter inside the bark 
DOB = diameter outside the bark 
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